


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1988 


Laboratory evaluation of geotextile 
performance in silt fence applications using a 
subsoil of glacial origin 


Crebbin, Cory 


http://ndl.handle.net/10945/23283 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


' (8 D U DLEY research materials and institutional publications created by the NPS community. 
: Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
ath 
KNOX appointed — and published — scholarly author. 


i LIBRARY Dudley Knox Library / Naval Postgraduate School 


411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 








http://www.nps.edu/library 


SU so terseslates 


CCNA TT EEE EERE dS EES gaa 


Ag 


ft 


HRY 


We ee 


ee 


a 
~ 


a 


ep rata 


A 


ee Pa! 
uP 


oD) 





st 








or 


ts 


f 


ih 


hr 


a 


i 


oe 


AGgaditg? 





nt 
af 


By 


4 


i 


i 


o 


at 
A 


ah 


i 


in 


7 
; 


if 
; 
= 


ial 


i 


ui 


is 


Ni 


4 


if] 


i 


iii 


ni 


- 


a 


ay 


i 


Bu 


TELE 


j 


iAdeist 


iii 
ae 
~ 

. 
a 
- 
. 
~ 


ait 


i 






aa 7 | 
t 
t : | | 
= i | 

seer \é 

P & 


<1 
ana 
— a 


- , Soap 





bars Tepe tee Merete: | 





ee |e oe 
Bees es Senta e oe 

















































































































































































































































































































NA mee Re 
ry Reasarhaen Rae beter 
dae 
Meek coe, Sa gre Neat 4 Ote > lent 
Say Apt OT aay Season ws eirptris hele Orta Pep ey sistermnareranhy 
oo y PY 2 ey N° 
Pe ee Midhity | $5 $45. 0h, re Bevan Mere w a Sia anatt ging yd Whn righ eae eaashoane Diasabeacarens Se ARSE e Cie asst iNevecanses! 
Re aerate abode eer et cars si Seach ser caectesiate eee ten ecithe semana 
; oo ‘ > Wr Per 4; S 4 fot te as ited &. “toee tes Aone ve: ; A wr: aGeMen, ag o ipperr br vets where 4 ag ag 
is ah as shes ta ea Bae acces singe’ va. Vow eens Lsadaasnaee eee tage ee aN setivahtaan ah enmseewacan Saytsees feast a pseaeine 
8 . ye Pry 4, 
: ; ‘ ® ely se Reta) eer ue ‘os ee ~ rae A ter te at-asasacocteaeene ‘ MRD mre. e ay “ mtodernease sane Ooeseon Saks 
? + mh” @ 1.6) | 4, bs8s whyigy TOE AUF edge ata, gre tee funn naa sgeteye hres bonae vabaeorsg oes Ihe ie spp sort 
oe , hs y SAae ro if G Wee = re vagsen ues \ ant , NM Soar Baas Oi ALA. mcarie cues ae pee Le ete teat dng 88 Raine ing 
‘ ¢ WOR 5 a 4 Scat mre weg ne er ‘ . ts WE nd 9 i. 2 he Port rerta Britny ee Ye Litas tem. g 2 pobenopacel tes ak. 
ree Vid oo” ove BP rv ws aa “anya Rae aR ieee? oSenateyet n Qeanee net irs top snae daze Naiiye Soe Se 4) 44.1, Sanne 6 9°95 Bm pated Me 
‘ 7 ALé. 4 Pa ¥ le a 
hao F Fe PM, at ‘ OA» & cag AaALS fe eat a a « are Oh MAAR ALB: R, oe a OO 20 Reet was AS eh enans Cintas ate wae 
> 4 ’ We’ Aw TS) A ‘eaua RDA WEAN 8, 
y ' oy & Vo hin nad! ee “sea Athen 2 Alebid 4) PERMA BOR tg BAA Bat ahes Bhs Cries de Ssnahenabeecone ant Ty vr etere « epee tee 
a 4 Weeks 20 5 a? thateds TOME EAMETS O50 00y es Crit Wipe re orte = tees (Ae te de ae: 
is eb 28, ft a M Leste Ace ir Cee tp aS ce Peery Pr eases ga naneara Cotere warns 
) bie y : P Yrs z ay 
\ ‘ oats, ¢ SAS TR ah Oe 2 UAL DIOL 6 AGRI BGS # «ty shi Sivas asa'aacheatee M4 teen ey tp 0 Mota ae 
’ fete 12, ’ “sk mat ¥ ie et laida © su! ates, IP oP hee Bek” : a Peahe een a k P OOP OL Ibe MANS ng 9, "Oe Oates ne Do Detele Ree, Ga 
’ ‘ dutots s (tne Th oe AAA. a its Prgasee ys oan Gal OOprrere Wa D-B Aaa, by aha Darryn Ag idinier cceseaene to 
: a ‘ai 4 a oats ue ori e Mf e Kee th 12 RR. Chase OO MAA A Ay rneeteas cents mee ia re tte rig tah! sais aag shat ery pe la s hauiteeee errs 
; : FATE ee Shae O85 Saari Pe TE a, ETN ota terlet fei Aa lowes 3.ma earstahibyarse woman eee! soptrasser Snes ah se 
. > : “ ae tte se mae p  avecie tay peat as (Ath vetchmeaiato ee ements china saotens Arama head reibe naaedeese Sra toe 
e . W "i Z 4 : oduct otaecesaaaene os! “ators ache rasta otra eerrer vn a mAom oA APTANA be Boheme g Moh. tial +4 jaaweeeinn O10 ® Anny) tals Webeorerarte ae 
3A UM siteus abd bets whi] ne * Rb ne wind te me Wasatae ema hedated 
. v - Alas: Netra a. Pa eres s det Saat Mists tge sk peeetpoce qntae MeAcesans Pe Weds Rrtomaeshasy 
; ‘ow AY A Lecter seta aire Bak ain tre vs ee shaven nee teestat aes t neta be VR Stagasaha neta ‘ 
13 qt Mon B 8 Pea, 8 am, ) Seth Mahi the %. oe alga . ages 
a7 i, Bs > ie pear: A wade sty » we » hace. Pats ENO 100 Ad 80 alosuihane Gone i tenaoge. ~S Reed oat arent care. lola Prin Wenusminartuune 
‘ - , Pad abt ee 24 IniParcs hiss bovine Sama as adel, ay age tasntege eer ted «3 ha UeRamsdney moos Mitre atesttta atone 
f J a a4b)@> . . ry =. A he a 
| : se at etS eh Aetna Wasi cate, Chtaauenaantreatcnnateg ce Se ea Seeks open = 
; ‘ oa aaky AR 954 edbee.e ox ed 20d Aang ms aote ss agr ens mason wee Wesainvc 1o89 Ph bod Ba fos ara goo eden hae a, wy oR Bohs Carn, 
os ‘ ‘es as ILUEAPOD Bese | s0tg ai eto it ince eek tuat Ji sateen tatiana Aiba ie atrerls ye 04. idee, cdpanar sare ene eee se > 
‘ F i a} : PAR bans kde NBT IAZ Nada. cane MRM bod Bde Hs Hardie Soa Cre om. onesies ne termmdoa ben sheen 
& ‘a ‘ as a v v be Hi 4 Spey taketoentone Ares 0s? Oe em armen agai 
~™ 9 ae ya 1, “gMesi5, v5 MeAOb Oe dake has Of MATAR Ee we Are ine OcPemy be nates sete seeeeins yar Rateesceaee a be vce bier ons ri 
<a *) Sat Set Oe Fas vain terwrtcenthly, yte Sotaing aiaayin Aferer eae cre We emcee Sete rh weer nanos atts Sot 
“7 - " ; ’ ” ’ : a A, aS ae asa gee a alg a ere tp . “Si eaten heat eager eter sisaagtaoemecas tease ety prs us Orla sp leds bres: 
Pome ee pees ‘ , . Sa Tres Nae enahe reese > vag ey 
‘ » » 4 om os oo veins 18 “sake Alen MAM me . MMs ie Wie ed dtotege, RG ° awa era or ora Cr ees PBOrO © Bi MR sins ssi arne 
‘ ‘oe ' - > ' Ad 31 8 Lt Odecd * A BDU men Be eig ie hope feel ot e 8 hehe 0 396 Maes 05 Be’ Aviny 2 
RMR Te GUS vari rrr ts ati, oe ee Sirsen thats nna ae. Saar Hater trian hetiters 
1 4 - $ > PAM De OR redo G, p AYP Etats Wide A Sones F Re rapthodin Neg fam A tne ae othe, baget et 
teh maw Sep 88 yt Stetod 69, ee PAAMLALLOADO® & o Mateterss 4: Mitte 4 Liar aan bec deat Lh tn PVT rey Oy MbdQae FO by pai rm 
' . “ex ‘ ’ ee Es | ' ®Tb + ima mu Resin 5 Pe AU A® t neg ue whet bah? Os ru (ad Pavey ny 141910 Ra AeRete abel a wanna 1 
ry ow nbn tan ec CL Om hase dae, a4 ot : PON 6 @aiksitdeng O4 inhi e yong itt ot- Jor tt er oe bb ere 
; ‘et : 119 , i err vy teat ee Noe ee he ron eee? he oe gers ets ee i “hoe oe ene Prgebesaane 
to oh . Lc home . | aren! 3 hehe edb hae maths “ve eR encpnee Wes Rig ee aalgig bee phn Magione A thd Lar dee bak x 6 dapat hrs cheba pa 
i Aas Alora Ub. ese, oarat eases a Tee Pet mee oy: eh t. sel Rts Aged 108-8 Wee, S Peete al ete hake ng 0 state terra 
cs oot , i ke A iste a nde alte Bee “aie fe igse . Dele a Ay og PRT Ace b eaaieetece sae eae a 
*e 9 Se) nt . : rf "7 e o 
‘ a = 1 oa Meh UR Sn betes am) aemtcbets wn reir he ar 5 tide ty iaebierrepens 
L pd va ly o's St ee he tua. b Nr wee aaa Rete ey Ohenstsan Samu 5 = ; 
: . eo ‘ o6 WARM, Ae Oy, AG. ee 0 com : Ave be Wa, Sion ewacngneege oom ting 
a ris Wesabe voabtee= * Raiaade etl ates Ra ay onda ean tet seechtines sinaaene ests Be 
aie ' as aN » yee ite of de Aatnang HOT Othe Ode tend har nAvie Dik ote nt iS aint te Iwas BRD Ie wind boone Mate ty 
bs , = OR omens Soy “SAGs eter "6RS049, asm pein hates tea £ Bl Meme a gee aM eae ictdant 7eAAD b0 1 Apathy heen ta ac ‘ 
o% 2 ‘ i > ‘: Giekas ree 8 00s * MBE Lae ps PeNe es oe ody Asstt edna tet ek oe vs pepe 
My oe a. tage re a Hoey brows 4 A de Sekt ter, rie, ded Mrs Ped Sed 0: 4 i tay: 
. ‘ \ “ = Borat ees ay are bh PWity Nome ey pi fly pe ortete Parry a REAM meme rg 24 Whettouers rodent ar Monn’ Oe, 
, f x al Sart Me BeV Vas 7s Pye ded Ske 88 wirihane Jeane. asimectt Seed my cooly “<a —- fe ee 
‘ » 1 * see iAghs@ | ad! 9» dhaneu, seni aghs uf Sei) AMINA. oped see fer dts ay Racwiey bilan ~ 
ai Pies atte deride jg hs = AAR pr ad sarge SEE RNa g es an Oe hae - 
oe ; UREA a te hie as Oi Patty : a AS bin fe 0 eae Me OL Ran, Weare 
ae eee re ws yore. fe ow ue hat Ae thes anaes ene eo aN Ya Siathterapiaare tee Worf are wah ienapi ted ices are 
: : : Be ‘ i seat schehoeadl MimAse J ween med 2 Soy Seer Berens EWES Ors gts Lets: 1 ON oor er Me eke ap «mesa oy ted 
- Mi. ‘ ; my tate Shoe ee kat Sebo aange daca ote tao «ya sraids Ws toh ayer ay is Rye nepal eae ariie Byte Rabson agi em 
: ' SD Oley Sle ns. om vs) tS Ace st Re shpeenccrm? Chem AM Yar Neder Ye 8 bt: Fy ttn Vee te tay te 
a. ’ + (RE Bere oye, er”. ah ray ipter Nitya sence feat Se rca te ee we Re Se: 
e ' v 1 ' se * tthe Mes realy | aha ob aa an RN itn , . opiscimy ahs tie “igtiNomas! Wt be bres bs er meena sar 
‘ mo aSing 2 ~ 5 { al tne thisne de Mey sheey. siyenteenstents Br Perea 1% we 
= A 8. *eheee: 2.0 & ithe Mt Ong as mab be hoe gree tacay wea edances Hoobroort apes e. ore ag peau 
: 3 : t ARM fe dn St reNosnr recy we et ay reriey : bee A PS ecocante - 
‘ A " Pa) ~, “5 + SMA WO PT vse og, 4 Ae ° ip SN emer! » wed ein ‘eal ae J*- Reet 
- ‘eee 1 te ts a es br Bry arer ire Nrpaa te tgan Sere tec n cag pene fag fries Ninel tey PP he Dee» ater 
- Dr a ng , 70. be =A oe wg SR oe a : Sas ited re 
Vegi aes, Sidhe bale A ae oie a ONE To A Nene teres ep nee Madey rs im Ahan 
* ‘ P , mee mene Pa Nama Aoi egladyen ta Syms : 
a ap Dy Riemer See Bet Hee iodo Minbacn cern arcte oye eaerenta nemdmeongment 
4 . rd moro ‘ ey yee 4 be 00 raiite bhase” she f 14 0a hans eta 
ar ue Ms \*remat y Th wd ees y ty Oe wf minia® = &,8 . <0 Sr & Ie Se td mene 
oar ts ibeaeiin ha CC nt bore Pe wrest Sur ibrar Seer ane oe We 
> a 3 - - ; ie ~e * ens aphae 
‘ Peo! re aon waning ek Resa kehagea tans? PORE eter tice belted 2:7 Kemennes 
ae a an * Pend omen, Bred. r SE ATO 2 2te be ha rp PeReble Sects ase: pried he ithe se riseabe te 
os 7 $m, oy bh. afies ote Sf va8 "uty 2d bet AS eho ng Nem bare ey in M906 ohana ty rete ‘ge Bek. seat Ranteseicneocses tartrt 
; ; v4 © Witte 5 “hi ear it Soc Gap aah Reena "S 
q cal he! .™% P. Peer 63 btwn ora “Sh ter he. 
" day Pode ee of So Ree 4 ens : 
yc 42] sao otga gen a a Saigo a glee. cae On = i 
: sch wAyteatts wis! wee CRE Sob ais w at 
“NY pote soetd Rineteen ree Taf wrod iota oe 
ny Patt Pr pur 
b Aa 8 ar zl rb esac Se Se ren 
axes ae. 7 PAE WAG ba SIRT 
* f LR f ¥ rth et eyes re ert: aie eet 
ae OTe ‘ he emdint fe 
cat “di gg ane near. lane: . siafaree st? 
, sp AR NAD diedsmrirecie en ‘ aes 
$ ~le oye aie ce aS 
(eReFekgase " > ’ 
BAgstS yy yee 5 
ar "3 Bite! Somme athitan th eae ma sdty wets 
Pa =e “34 
i a xs Pet: baa rere ames OLS sae 
hte her ee ANT. Sma 2) shea at desetary’, t arte 
se" ede! 13 gta UNS Begg te Aone at phil tebe emurus bt one! 
yrARsr Ok St. UF Faeeh tt its Séefeeatets © aes q = 
j ~hs i ies & wiwatag teh hatet dogo 
- | ae, ow toi OS ataieh 
3 “ a @ os (“ff vas 
; re Oily gue “yuaen te 
+ 
Ly P 
= ‘| 
see 
‘ ne lhe 
Nay 
etc shat : : 
‘ 4 e se 
Wits rts : ‘s 
- Aghiesen-Seace4, pee Sees 
Sige wan Soak 3 eal 3 
Ot Sete brat Fae ha aes 
3 / ie 
PioaNe 
' te | 
A dat ¢ abe} 
sagege EH ete 
Rag “MES inl #5. 
U St RIN See ite 
ae, vr -_,s $ 
Pu ihr’ i aus 
: fp 18 g ee Bee ¢ 
“” a ae Lier ta rf oe Ae 
f * “f eeaeaces im 
t ae) 
, : na re Es See t 
. e oat ‘top el Fe 
Ps \ 
ee 
‘ 
, 
, ‘ ow , 53 gt 4 Lak | 
- 8 wie Fue te © 
te Ay oe ah Ry ry meee 
eo” & ts oe 
, ' y ie Aes is ag) om oa 
rl - 
ehalgd hea se ee 
R ¢9 
eer LAS 
22) seu gies opr iat ead 
S edyese * Sitesesiseee ’ “te fe Fale ereea meek 
2 ie ° 
’ 1 ty aA ote ccpeae res tens dienite ov ee 
=< 0 Fy of che Baas E J 
s ce 4 3 hah oye “ test tae leet a 
Ty eee Hating it 4 noi ies AC evsteinware! SOF AP om seimy 
: tae i ico ve eg oootear ete ee PLA: tes oso cogiligw ane 
‘ it. ee Te ry eps heed sania haben Pe ee 
os Mire rn + “tae peta Steunn apetormese eee te 
. Avge? RFE etd Li . t, i ae Mh ayhbtes eee ee Sel re ree 
Se ae ee te | bal Ne "eee a feeg, 3 way n@ eh Fut VP een papas fn cmanerteg oF 
a : ARMOR OF 0G Cries a De Pe > ar ee welt Axe Py 2d ded tens etal eK 
« ‘ i, : . re 
H ee mart ore a 75 =e < By hat ou atei Wy eat Je. H ee ‘4 pine Sposvn ei ttiebet sh 
. ® <. 
; ‘ o4 : "6 ‘ ‘ ane ss Aci : a he eleme oer am rey PP hie, Bias ne tte Re wet 
" ‘ . 1 tye 7 hoe oe EG se Pet yrseae, haa] 241 80k oe eae 
vie yt! ’ et = “ut §e wah og tia ea 95 Poway meri ns when, yee + 40 BRL Sats Term l idee) 
* 4 144 t %y, \ day . UP Swe wei © Shs Sot 7 9 aso a dE bt ae ye core Pop varey camprerecieere, ft 5 ae ewrve se 
~ ‘ OU ar! ny eae ’ ad . (: Ucn “ne Par P wha On ce, Hig He py are ee ant eater reese 
bs > »% " * 
: re CMe eg nee Reece: ‘ ox e hae > te Bets ak fe , yea: Ae Ws We ies! brie puvneet yr oe Serer meee 
* ee ; Bre how y o ONO a Bo gegen: 
r - ae es ae ‘ Lax pasate ones “ : Ue Shas “pd eh ae ae «ys hacetpowestnrs tel ee wis en shes woergr eee 
a} OPI Stati at ge ghar Ye ote ik odd ot ND wt Cedar piihecn adhe are an} 
tot . Paks nda ‘ oT ee verge cone areas 2 x rest acanee eeaeered SME eeu erty" planus eno. abe 
3 rf Uy Z wh) an 
+ i * 6 aa : ue Oe ROL ean § < Sates ob cra aot eee 
AA 4% se “sendne A cli te ata L, eae in sa eale DE ealm ere ae yrs tenigay. 4 Ee pigse- ow 
m © 0 @ te 3 Bas Saky > a3 oud y! Ween parse tte ae or vita Satis Wem britecrsmmeeiigee 
ei . Siar. ae ' sy, a Ne Sohal we iter Pea ws iia ahs foo irate ‘dd at Sed 
= ee. F p oe Wy see's Ane ease Le abet pt Ne sane 
; “ae ‘ $ 5 a Wy. better oo sew ween oo biwtvee ay ee eo <a 
eae ay ee sae ‘ on RT OS i, Pema fee oo c Pied Stee tyeae rate’, agen . cee lat or AB eons 
rari or wey ‘oe % # one. Dyes we ooer v a ae in We it t-0' bes PSI Garey. ater el oid 8 Me ie 
oo. ee Jo ay ad ores U Fa We Li otras ecb vieds tees eaten yi eee 4 i eh tary st 
A an f ‘ P] b vey nS AY ferete le, ‘eu’ Yes 
% 4 i ‘ ke i”, mate 5 Mins hte oe Yager ¢ aahen beset es as ee 
’ ' Ce ERS GEC ry, 0 nO: Tig v fag |. dd \ Vewd are aetes Pyyetye pe 
’ ae ’ . it Fe ie 6 Pon at ee 6 84 8 ari ebsjatets bry ad ¥ Fiery "WAP BE 20 ee yb Rect ey 
. ‘ se 4° oS ray Pale ist Vo wr ay “ye ers rear ret bwctentiveyess Wes seatee ese g 
i ry . ¢ ~ e 
erm OS cot “ated ki Sate fe Pkus a eats ily remain nip aye nawanreeere nme ea 
os at ® aore a¢é % be 2° are 4 4 : ed LO Yai gt “ow e<arehy, ae tr 8 oe tithe Atthedanthater diate Litt th areas 
P aey ; om a Aa soo 6 ot¥ t Asdete ats nae rer 2 ffi tv pak a roee ae tal tase a exivssmeetiny pig PEW Y Vee WI wr we gderat on, ns 
e ® eu ae io re ae ene! aaa iy ae be inde je rdp ag! t, fF es pe pind stein re Soin aetna. dilge Ot eat pnt poresttae 
. . ht a af in ry 1a deme © vers sivie a 4 F BM oo yn PAB py ve wyaee le ae 
é . fares go> 4 : Wee tn gt SY ee ey of ois se . Aoytae Ste ©0988 wey Dr gl rissa bededotthaht ad A oa . FH 098 8 oes Bvediah 
: * ee ' ‘ ay vt . st Ad soreeuia, 4 he w ve Bie, nee “1 Aa i te “ie “iat atone ty wile sitet eaonninacavtd eit peeve reas grs eta Seo 
~ \ x ‘ ; pak fe $i Drake gt Ft at: fe Ee hie a (aty hones eter rey MneTUrtebae wine ven Code 
F ‘ ’ fo ba . i ae waae 2 aie bers . ks 14s 0p He Sey er rene’ ‘Wwe therdelenseenen es PRLV Ye Se pegs a righ dteae Ag a Le 
° pe dhe a fe git TO eee a A Ht a)» ay VIPERA e AE Dy eunpicweee hahha dated dee hoot es 
A . 3 oo” Pees 4 4 SE Ne rah US Girl ape wa vise, . 
: 4 ’ Ary Pe 1) : . a “n x, : i) ou ge 4g Aa" 4c # hges' at seed ly pathy a Riiwesvwryes (i wtSeesah ‘A y69 194 Fo ar'Gwe tye gg: vit tn neater 
J J ce ee nay rea Ee Ice ae ee y ee aes Mdina eau se open cel (AaTe wi NEY NHs mews Baca 10 iheeny 
Le ‘ft ee. ee et. Ao ah Peseta oa Ort veld a 2 Te gy rirwaceiyeuty (ove uae tarnpec aps, one a Sena oe 
3 ee, es eet ete 4g ne ie hoe cata Hepa trarebiamen rite! 8 Cit Weoreencere he peeret vecepcersl git tet, snes ele 
’ ra - $ «wse % ow, Mes: 1s Heh ’ ey orth ae srenyinely AIM ert baa Te te-aye ke Ot 88 o-n We SeeSUprry ie. Ue Wires eras ae wenn 
\ cone an +4 ma, te © ws arin freely eh; ; ri FMOG' Career ph ema atys 4 eh #08 wend ef 
Pw oe cam "4 re eer gas tte RET, ’ yetuth wists, en f}, va x oe BY Ares ie Se citrine oe nanesce sy tal Pune uae ere 
tos é o ‘ : ; 
. . 4 an ¥ We AR "hag > ay + net peed wre 9. hoes rita figeonentes ret nie at atts sal ectase ee eam ee Aa pipe 
; ype 3 1 cet cles ive ‘a OF dete Deen mye peed Ail e ert ne Sista ee eeere 8 Pati namarneeces Aeeeee Patni fon aap 
a eye 8 ry ety weer seiviaia? rata eons sinh hte th Le) 2a cfd arin pe wares cba wr, ee LP ee ip onen 
‘es 2 4 , ir ee og 3 vyra- <3 Ss) ets ) wey" + OnHO Fur eG reve oe aa BW VASIE 8 11 Gy er gar py 4 Ws SONI once: oe geier 
% Q eet, gry ad aE be RO Bm 1M weR Ebene * ae wee FH9 ~ 99, Live 1 oy =eigeg 
oe \ * ts Be he a Js ty he oe Trey ny z whe, b salgtern soe vo prucves oy y Posi Fe fiery few * 
‘ : ae Char Ti P: om ’ ‘ a Fd ‘ wre hehe senveuthe rent een rie terttie eae oe 
ie ‘ ‘ ee ‘s - ea a yy SS gate eee Hever eyeie 188 anyty 98g aor: MR eV veg as Lievartnledvinrwarssetveeertes wore 
“9 ba ca a eee nd ee Bt, ad; ST. ea: wa TR Un oh 4b bd onrve+y Wisi ones pe 
oie ee (bry Cn Or Oe eB hy ug tepen ¢! te UTE areas tapi aad rat RNG ehh te te a 
‘ = ‘ 4 ‘ts «4 “Th NYFy U . > Cord sesaaese b i 
¥ Sea . a eae te ivone Sets vets a f 
v * .' Lis Atte er boa Me wy ay . gta it > eS toy a vps 4 heen Be ‘6 we niitan mwas rarer mg ewes é 
? Li 2 4h : Tecate ; Ml ait) fiteiny Moos a Ves ¥iewe PROV CT Ty 
. A oa 4 FCP ney ws ote n- K ALLO DT tie et 7 
? 7 : ' — ¥ ; A pul a Ff haere pe {: Bybee v me adn Me ase Ev iets or ve v4 a Perey wre 
‘ : y 1 , OPP a seis ite tare. a A ai 
is ,. ee % ot te 2 v : wpae of 2 i if att U0 aS hoe ot: 4 ehh wings wir ainting We gates: “ nh 
, s ° ‘Tow ‘4a, M4 = VENTE Tt ges 
:! ‘ a ‘ ‘ae * “ee: “ z ad Ve sy > ode be s-m ye =a eee ‘ oo ne th tbe be the8s 28 
. ae . : s ee Wee We rete, Vt =P ere "er Ps aay Olean) a3 svvascs einer wise o 
bad . a . 2 4 eee 
: ‘ t. sake os ! vate, Li ~~ E mal wy OE DN BPO 5 a ase ila wenn Ee erases Fa rarees8 hi Bogy Bae bt 
U . i i. b u ay ? Wes, “Pe bab hy —yrye tes 8 oe ge Beer Pride a bane oe 
* ; “ a5 t Pv 1 Pore iy 0 ve mei aie 7“ >: aa: is wh Keaton 1 See ay Mae tt 
| OE Mt ES ioe Pee e ate tite Bee apt ee race 
a " LS * ei a ‘ony 
. F ie, fy , ag ; held * sae at ia a oe ne 
Y eT, $ Aa ae ; $rtenyy Ay Rata! i Veter 
4 Sie ib ais Toh Os ne et aR , *e wns ttre! Lonny ° 
4 P| ‘ ‘ / £ ° ‘ieut we bt ah DD 
’ r fe f9 = Be LY 2 ee ON Re 
$ s is Bedell AT ‘ nt ysis when. pny hy nt Stee! 
ke bd 
' 8 ., Ld 4 ™ 9S 9 1 yey a C 
Ma ve 53 Ge ‘ew 
’ e 3 =r 

















Laboratory Evaluation of Geotextile Performance 
in Silt Fence Applications using a Subsoil 


of Glacial Origin 


1 
On 


by 
Cory Crebbin 


A report submitted in partial fulfillment 
of the requirements for the degree of 


Master of Science 


University of Washington 


1988 


1238789 





In presenting this report in partial fulfillment of the requirements for a 
Master’s degree at the University of Washington, I agree that the Library 
shall make its copies freely available for inspection. This report was 
completed in the course of the regular assigned duties of a U.S. Naval 
Officer at government expense. It is the property of the United States 
and is not subject to copyright. 





University of Washington 
Abstract 
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by Cory Crebbin 
Chairman of Supervisory Committee: Professor D.J. Janssen 
Department of Civil 
Engineering 

The research tested the filter performance of four different 
geotextiles. A flume apparatus was constructed and used to simulate a 
silt fence installation. The apparatus and procedures were based on a 
previous study performed by the Virginia Highway Transportation and 
Research Council. Water and sediment was filtered through a fabric 
sample and the ratio of the sediment concentration in the influent 
compared to the concentration in the effluent determined and expressed 
as a percent. 

Two physical properties of the fabrics were examined as predictors 
of fabric filter efficiency. The Apparent Opening Size was not a reliable 
predictor of fabric performance for the samples tested. The flow rate 
through the fabric indicated that fabrics with a lower flow rate will 


probably exhibit higher filtration efficiencies, but an inadequate number 


of tests were performed for conclusive evidence. 





The effect of sediment particles larger than the U.S. Standard No. 
30 sieve on fabric clogging and blinding was briefly examined. These 


larger particles did not contribute significantly to blinding. 
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1. Introduction 


Construction activities have always bared the subsoil and 
increased the potential for erosion. Roman and Greek engineers 
recognized a connection between deforestation and increased deposition 
of sediment in harbors. Sediment is the major pollutant of streams in 
terms of weight and volume (ASCE,1975). The problems caused by 
sediment include the disruption of aquatic ecosystems, degradation of 
water quality and reduction in the capacity of water conveyance systems 
(Reed, 1977;Foster and Meyer,1977). 

Several investigators have attempted to measure the effects of 
construction activities on the rate of erosion. A Pennsylvania study 
determined that between 17 and 37 tons of soil per acre were lost on a 
highway construction project in spite of aggressive erosion control 
measures being incorporated (Hainly,1978). An investigation into the 
rate of erosion after the construction of logging roads in western Oregon 
determined that 130 tons of soil per acre were eroded in the first year 
(Wilson,1963). A study performed in Virginia included construction 
projects on which little or no effective erosion control measures were 
implemented. In the conclusions of that study the author stated, "A lack 
of erosion and sediment control measures and bad construction 
techniques cannot be tolerated" (Wyant,1982). 

Concern about accelerated erosion due to construction activities 
and the effects of the resulting sediment on the environment has 


increased significantly in recent years. The passage of the Federal Clean 
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Water Act (33 U.S.C. 1251-1376) in 1977 resulted in increased emphasis 
being placed on preventing soil from migrating from construction sites to 
watercourses. State and local laws, regulations and policies relating to 
sediment control have also proliferated as concern about water quality 
has mounted (Amimoto,1978;Boysen,1977;King 
County, 1987;Sherwood, 1978). 

Improvements have been made in the methods used to control 
erosion and sediment as a result of increased regulation and 
technological advances. Greater understanding of the sediment transport 
process and incorporation of textiles in sediment control structures have 
contributed significantly to this process. 

Silt fences are useful for preventing material which has been 
dislodged by erosion from being transported off of the construction site 
by water. Two fundamental methods are employed in controlling 
sediment transport: prevent the material from moving or capture the 
material once it is in transit. Sediment capture, which is the function of a 
silt fence, can be further subdivided into the processes of settling and 
filtering. Both settling and filtering are achieved by silt fences in order to 
separate sediment from the transport agent. Settling is well understood 


to be a function of(Gilbreath, 1979): 





a. particle size and shape 

b. specific gravity of the particle 
c. fluid viscosity 

d. acceleration due to gravity 


e. turbulence 


Equations have been developed and refined to determine the 
requirements of a basin intended to settle a particular particle of given 
size and properties. These equations have proven useful in the 
laboratory and in the field (TRB,1980). The process of filtering by silt 
fences has not been so extensively investigated, nor has a method for the 


measurement of silt fence fabric performance been widely adopted. 


Purpose and Scope of this Investigation 


The purpose of this investigation was to examine the sediment 
removal performance of silt fence fabrics. Several other areas of fabric 
performance were briefly examined, including flow rate variation over 
time and the effect of blinding on fabric performance. A laboratory 
investigation was undertaken in which procedures designed to test the 
effectiveness of geotextiles in removing sediment from water were used. 
The soil used in this investigation is typical of the subsoils found in the 


western part of the State of Washington. In addition, four fabrics with 
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different physical characteristics were tested and correlations between 
fabric properties and performance were examined. 

A discussion of the theories pertaining to sediment transport and 
deposition are beyond the scope of this paper. While a detailed 
discussion of the processes by which geotextiles prevent the passage of 
sediment will not be attempted, some general conclusions may be stated 


with regard to trends observed in the data for the various geotextiles. 





2. Performance of Silt Fences 


A silt fence is a barrier which allows the passage of water, but 
retards or prevents the passage of accompanying sediment. The use of 
silt fences is appropriate where low flows are expected or the drainage 
area is small. The maximum recommended drainage basin area for a 
single silt fence installation is approximately 5 acres (Boysen,1977). The 
area served by a silt fence can vary widely, however, because a single 
fence can be hundreds of feet long. Typical silt fence applications include 
the toe of slopes, intermittent stream channels, storm water inlets, and 
inlets to sedimentation basins (Horz, 1986). 

Prior to the development of synthetic geotextiles suitable for use 
as silt fences the predominant materials used to check the movement of 
sediment in small applications were straw bales. The two primary 
advantages that synthetic fabrics may have when compared to straw bales 
are lower costs and improved performance. It is difficult to make a 
general conclusion with regard to cost due to labor and the variable costs 
associated with each particular application. Silt fences constructed using 
geotextiles generally have a higher material cost, but lower installation 
and maintenance costs, compared to straw bales (Wyant, 1976; 

Mirafi, 1987). 

The performance of silt fences has only recently been rigorously 

investigated. At present there is no standard method of determining the 


efficiency of silt fence materials which is widely recognized and used. 
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The Virginia Highway and Transportation Research Council developed a 
procedure for evaluating what is referred to as the "filter efficiency” of 
geotextiles used in silt fence applications (Wyant,1980). This method 
filtered water with a known concentration of suspended sediment through 
a sample of geotextile. The sediment concentration of the filtrate was 
then measured and compared to the initial concentration. The ratio of 
the final sediment concentration to the initial concentration was 
expressed as a percent. The resulting percent was termed the "filter 
efficiency" of the fabric. Although the procedure appears widely 
applicable, it was only applied to soils typically found in the 


Commonwealth of Virginia in the initial study. 


2.1 Factors Affecting Performance 


Factors which affect the performance of silt fences include; 
a. fabric characteristics 
b. installation 
c. sediment characteristics 
d. site specific variables which affect the volume of 
influent to the structure or the concentration of 
sediment in the influent. 


A discussion of each of these factors is presented below. 





2.1.1 Fabric Characteristics 


Several characteristics of geotextiles influence the filter efficiency. 
The method of fabric construction controls the size and tortuousity of 
openings and also determines the final fabric thickness. Nonwoven, and 
woven fabrics have both been marketed by geotextile manufacturers for 
use in silt fence applications. Nonwoven fabrics exhibit longer and more 
tortuous pores than woven fabrics and as a result the probability of 
clogging is increased (Bell and Hicks,1980). Nonwoven fabrics also 
stretch more readily than woven fabrics, therefore nonwovens used in silt 
fence applications generally require that wire fence or geogrid reinforcing 
be provided. The majority of fabrics presently marketed for silt fence 
application are of woven construction. Only woven fabrics were available 
for this investigation, therefore the performance of fabrics constructed by 
other manufacturing methods were not examined. 

Bell and Hicks, et. al. (1980) identified several fabric 
characteristics that may influence the fabric performance. The important 
characteristics which might influence the performance of silt fences are 
identified as: 

Pore Size Distribution. Larger pores will increase the rate of flow 
and also will allow larger particles to pass through the fabric. 

Percentage Open Area. The percentage of open area is a function 
of the number and size of pores. In fabrics having similar pore size 


distributions the fabric with a higher percent open area will have a larger 
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number of pores per unit area and will exhibit a higher flow rate. 
Clogging should also be less of a problem in the fabric with a higher 
percentage of open area due to the higher number of pores. 

Thickness. Thicker fabrics have longer and more tortuous flow 
paths, resulting in greater opportunity for particles to clog openings. This 
is particularly true for nonwoven fabrics. 

Fiber Diameter. For two fibers with identical percentages of open 
area, the fabric with larger fibers will have fewer and larger openings than 
the fabric with smaller fibers. 

Two important fabric characteristics can be quantified using 
standard procedures specified by the American Society for Testing and 
Materials (ASTM). The test most applicable to silt fence performance is 
ASTM D 4751-87, Standard Test Method for Determining Apparent 
Opening Size of a Geotextile (ASTM,1988a). The AOS test specified by 
ASTM is very similar to an Army Corps of Engineers test designated 
COE CW-02215. The COE test is cited by some geotextile manufacturers 
when providing a value of the AOS of their products. 

The results of the ASTM AOS test provide the largest particle 
which will effectively pass through a geotextile determined by sieving 
glass beads through a dry fabric sample. Beads of a known size are 
sieved, with increasingly large beads being sieved until at least 95% by 
weight of a given size are retained on the geotextile. The AOS reported 
is the average value determined from at least 5 specimens and is usually 
expressed as the U.S. standard sieve number on which 95% of the beads 


of the final size would be retained. This procedure does not provide 
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adequate information to determine the performance of a particular fabric 
in a silt fence application because it does not account for the possibility 
that sediment particles will behave differently when being transported by 
water, but it does provide information for one of the fabric characteristics 
which contributes to fabric performance. 

Another standard test which provides valuable information 
relating to fabric characteristics is ASTM D 4491-85, Standard Test 
Methods for Water Permeability of Geotextiles by Permittivity 
(ASTM,1988b). This procedure provides the rate of flow through a fabric 
independent of fabric thickness. There are two variants of this 
procedure; the constant head test and the falling head test. Both 
variations require that the fabric sample be mounted in a vertical cylinder 
and the flow of water through the fabric measured. The permittivity test 
does not account for the effect of sediment on permittivity, nor does it 
evaluate the effects of clogging or blinding. This test in combination with 
the ASTM AOS determination provides an indirect indication of the 
percentage of open area of the fabric. 

Several other ASTM tests have been established which are 
applicable to geotextiles intended for use as silt fences, but most provide 
information which applies to fabric durability, not performance. The two 
ASTM tests previously mentioned measure fabric characteristics which 
are often related to performance, but neither provides a direct 
measurement of the ability of a fabric to prevent the passage of sediment. 

The fabric texture may also affect the performance of a silt fence, 


although this property has not been rigorously investigated. Texture as 
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used herein refers to the roughness, tightness of spinning, and number 
and thickness of loose fibers for each strand of yarn. Casual observation 
is adequate to ascertain that fabrics differ markedly in these respects. 
Some are manufactured with slick, flat, plastic-like yarns while others 
exhibit a rough texture similar to burlap. The rough texture and small, 
loose individual fibers of the latter fabrics should capture more sediment 
particles due to higher friction and by entanglement. Therefore, fabrics 
woven from rougher yarns should exhibit a higher filter efficiency if all 


other fabric characteristics are equal. 


2.1.2 Installation of Silt Fences 


The performance of a geotextile fabric will have little impact on 
the filtration efficiency of a silt fence if the fence is not properly installed. 
Several investigators have examined silt fence installation and all 
recommend very similar designs (Bell and Hicks,1980; Minnitti, 1983; 
Sherwood,1978). Manufacturers have accepted these recommendations 
and often provide schematics of the standard design with product 
literature for silt fence fabrics (Mirafi, 1987; Amoco,1988; Webtec, 1987). 
Figure 2.A. is a diagram of the recommended method for installing silt 
fences as well as an accepted alternate method. National Cooperative 
Highway Research Program Report 220 noted that; "Erosion control 
measures are of no value if they are not installed properly in the right 
places at the appropriate times, and then adequately maintained" 


(Israelson,1980). Proper installation of silt fences is particularly crucial 
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because little sediment will be captured if water is allowed to pass under 
or around the fabric. 

Maintenance of a properly installed silt fence is also very 
important. Although the literature provides varied recommendations, the 
common concensus is that the structure should be inspected after each 
storm and that accumulated sediment should be removed from behind 
the fabric when the potential sediment volume is 1/3 to 1/2 full 
(Sherwood, 1978; SCS,1983). One alternative which has been 
recommended is that a new structure be erected to intercept the flow 
previously captured by a silt fence which is nearing capacity (Bell and 
Hicks, 1980). 

An equation has been developed to predict how high the water 
will rise behind a silt fence (Bell and Hicks,1984). This equation can be 
used to in the formulation of a design. A simplified version of the 


equation Is given as: 


X=H+h, +b (Eq. 2-1) 
Where: X = total height of material behind fence (in.) 

H = height of impermeable soil cake clogging fabric (in.) 

h, = height through which flow occurs (in.) 

hy = head required to initiate flow through fabric (in.) 
The relationships between the variables in equation 2-1 are shown in 


Figure 2.B. 
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2.1.3 Sediment Characteristics 


Sediment is transported by water either as bed load or in 
suspension (ASCE,1975). The bed load will settle as soon as the dynamic 
energy of the water is converted to potential energy, and this occurs 
behind the silt fence as the fabric retards the flow. Sediment carried as 
bed load does not affect fabric performance provided that it is not 
allowed to accumulate to the point where the material is deposited 
against the fabric and causes blinding. 

A portion of the larger suspended particles will also settle behind 
the silt fence due to the decreased stream velocity. The exact fraction 
which will settle is dependent on numerous variables. In erosion control 
Structure design the settling velocity of particles is generally determined 
by Stoke’s Law (Gilbreath,1979). Stoke’s Law is only applicable for a 
flow regime in which the Reynold’s number is less than 1. The Reynold’s 
number is expressed as: | 

Rg = (V, * D) / kv (Eq. 2-2) 
Where: R, = Reynold’s number 

V, = settling velocity, cm/sec 

D = diameter of spherical particle, cm 

kv = kinematic viscosity of water, cm2/ sec 
For R, < 1, the equation for determining the settling velocity from 


Stokes’ Law is: 
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Vz = (g/ (18 * kv))* (S,-1)*D*) (Eq. 2-3) 
Where: = acceleration due to gravity, cm/ sec® 
S, = specific gravity of the particle 
The remaining terms are the same as defined for equation (1-2). 

Stoke’s Law includes simplifying assumptions that skew the results 
of equation 2-3 (Gilbreath,1979). One assumption is that the particles 
are spherical. This is not often the case in nature. Rod and disc shaped 
particles have been found to have settling velocities ranging from 73 to 
78% of that predicted using Stoke’s Law (Fair,1971). Another 
assumption commonly incorporated in equation 2-3 is that all of the 
particles under consideration have the same specific gravity (Gilbreath, 
1979). The settling velocity of particles with a specific gravity less than 
that assumed be lower than predicted by Stoke’s Law. Water quality and 
sediment concentration may also affect settling velocity and are outside of 
the parameters considered in the equation. 

The size of eeciment particles is the principal soil characteristic 
which will affect the performance of silt fence fabric. If the particles of 
sediment are smaller than the fabric pores, some may pass through. No 
particles larger than the fabric pores will be passed. Although this is true 
for uniform particle sizes, the problem is somewhat more complex when 
the sediment suspended in the water to be filtered is graded and has a 
wide range of particle sizes. Bell and Hicks, et. al.(1980), hypothesized 
that blinding of the influent side of the fabric tends to constrict the fabric 
pores, not only reducing fabric permittivity, but causing progressively 


smaller sediment particles to be trapped by the fabric. Grain size 
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distribution also becomes an important characteristic of sediment which 


affects fabric performance if the blinding effect actually occurs. 


2.1.4 Site Specific Variables 


The Universal Soil Loss Equation (USLE) is typically used to 
estimate the amount of erosion which will occur on a construction site 
(TRB,1980). The Musgrave equation is sometimes used to estimate sheet 
erosion on very Steep slopes, but it is much less popular than the USLE 
(Bedner and Fluke,1980). One of the variables used in the USLE is the 
Soil Erodibility Factor (K). The K-value represents the ability of a soil to 
resist erosion by rain, and for a particular soil is dependent on a 
combination of soil properties. A higher K-value indicates a more 
erodible soil, so for soils with a high K it may be anticipated that more 
sediment will be carried away by runoff in a given storm. The 
concentration of sediment in the influent to a silt fence may affect fabric 
performance, although no investigation in this area has been noted. 

The other variables in the USLE also impact the efficiency of silt 
fences. The USLE is used to predict the gross soil loss per year, and the 


equation is represented as (Gilbreath, 1979): 
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eae ks, * 1.5 3:GPR (Eq. 2-4) 
Where: A = soil loss, tons/acre 

R = rainfall factor 

K = sou erodibility factor 

LS = length-slope factor 

CP = control practice factor 

The effect of the soil erodibility factor (K) was discussed in 

section 2.1.4. The remaining 3 factors are site specific. The USLE is 
useful in estimating the concentration of sediment in the runoff which will 
reach the silt fence installation. It should be noted that the control 
practice factor (CP) should only include control practices in place 
upstream from the silt fence when predicting sediment concentration at 
the fence. The USLE must be applied with caution because it was 
initially formulated for predicting erosion from agricultural land. It also 
does not account for sediment deposition on the site, such as that which 


might occur in depressions (Wischmeier, 1976). 
2.2 Measures of Filtration Performance 


There is no universally accepted standard method for determining 
the filtration performance of silt fence geotextiles at the present time. 
The Virginia Highway and Transportation Research Council developed 
the procedure on which VIM-CS1 is based (Wyant,1980). This official 


standard of the Virginia Highway and Transportation Department is 





18 
gaining acceptance outside of the Commonwealth of Virginia, but the 
acceptance is not yet universal. 

The apparatus used in the Virginia test is a box-like flume. Three 
sides of the flume are enclosed and a sample of the fabric to be tested is 
placed over the open end. Water containing sediment is then introduced 
into the flume and passes out through the fabric. The amount of 
sediment residue by weight remaining in the filtered water is compared to 
the amount introduced with the inflow. The filter efficiency of the fabric 
is the ratio of the residues expressed as a percent. 

One aspect of the Virginia test which limits applicability is that the 
soil to be used in the procedure is not rigidly specified. The test method 
recommends a silty soil with a particular gradation be used. It also 
suggests that either another available silty soil or soil from the 
construction site may be substituted. The results of the tests are not 
meaningful unless the soil used is completely specified with the results. 
The soil used is rarely melied with filter efficiency data provided by 
geotextile manufacturers. 

The New York Department of Transportation has also designed 
and constructed a flume-type apparatus for testing geotextiles under 
consideration for use as silt fences (Minnitti,1983). The dimensions of 
the flume used by this agency were 37 inches in length and 6 inches wide. 
Both ends of the device were closed with a pipe protruding from the 
downstream end to collect effluent. The fabric sample was clamped in a 
frame at approximately the center of the flume forming two cells. Dirty 


water was poured into one of the rectangular cells and the downstream 
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cell was filled with clean water in the initial stage of the test. Flow was 
allowed to take place with the dirty water upstream, thus filtering it 
through the fabric. The outflow was analyzed to determine how much 
soil passed through the fabric. 

The New York method is very similar to the Virginia method, but 
the equipment is more difficult to construct and work with. Also, results 
for the procedure have not been reported in a form from which the test 
can be reproduced as is the case for the Virginia method. 

Another procedure has been developed to measure geotextile 
filtration performance using an apparatus in which the fabric was 
mounted in the horizontal plane and water flow was vertical (Atmatzidis, 
et. al., 1982). The device incorporated a pump, piezometers, a flow 
meter, and considerable plumbing. The effectiveness of several 
geotextiles in filtering suspended clays was determined. The results noted 
that the device was not particularly well suited for evaluating woven 
fabrics due to the rapid clogging of these fabrics under the test conditions. 
One sample tested was a woven fabric with an Apparent Opening Size of 
approximately 50. The test determined that the fabric removed 8 to 12% 
of the suspended material by weight. None of the other woven fabrics 
tested could be properly evaluated due to clogging. 

A researcher at the California Department of Transportation 
developed a test in which a fabric sample was mounted in a horizontal 
pipe and ballotinni introduced in the flow through the fabric 
(Hoover,1982). The procedure appears reliable, but the construction of 


the apparatus was somewhat complicated. 
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Several other experiments have been carried out with the intent to 
determine the filtration capabilities of geotextiles. The vast majority of 
these experiments were not designed to evaluate the performance 


geotextiles used in silt fence applications. 





3. Equipment Used in Testing 


One of the primary goals of this investigation was to obtain results 
comparable to those obtained by the Virginia Highway and 
Transportation Research Council in determining the filter efficiency of 
geotextiles used in silt fence applications (Wyant, 1980). The procedure 
used by the Research Council has been designated as Virginia Test 
Method 51 (VT'M-51) by the Virginia Department of Highways and 
Transportation. The flume box was constructed to the same dimensions 
as that used by the VHRTC and the methodologies used in performing 
the tests were very similar. The major difference between the two 
investigations were the soils used. Soils typical of the Commonwealth of 
Virginia were used in the Virginia tests. WI'M-51 recommends the 
gradation and characteristics of the soil to be used in the procedure. The 
specified soil is a silt typical of Virginia, although the test method allows 
an available silty soil or the design soil to be used as an alternative. The 
results of the test using the specified soil are not necessarily applicable to 
soils for other regions of the United States. This investigation examined 
silt fence fabric performance using a highly erodible soil of glacial origins 
typical of many of the subsoils in Western Washington. The gradation 


curves of the two soils are compared in Figure 3.A. 
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3.1 Sediment 


The sediment used in the primary series of investigations was a 
Brown Glacial Till. The material was obtained at a construction site 
located on the University of Washington campus in Seattle, Washington. 


The soil properties are listed in the table below. 


Table 3.1. Soil Properties for Brown Glacial Till (UW, 1986) 


Description: 
Light tan, gravelly, silty sand 


Classification: 
A-1-b(0) AASHTO 
SM Unified Soil Classification 


Atterberg Limits: 

Liquid Limit = 14% 

Plastic Limit= NP 

Plasticity Index = NA 
Specific Gravity: 

S.G. of solids = 2.78 (approx.) 
Gradation: 

Uniformity coefficient = 350 


Coefficient of gradation = 35 





24 

Material passing the No. 10 sieve was used in the initial series of 
fabric tests. This corresponds to the soil preparation performed by the 
Virginia Highway and Transportation Research Council study which this 
investigation parallels. 

The material was divided into the fractions shown in Table 3.2. 
Note that a large proportion of the soil was retained on the No. 80 sieve. 
This is not unusual in soils with glacial origins because these soils are 
typically poorly sorted (SCS,1983). The soil also contained gravel and 
cobbles larger than 3 inches in diameter, although the fraction larger than 
the No. 10 sieve was not quantified because the larger particles will settle 


prior to reaching the fabric in a normal silt fence installation. 


Table 3.2. Mixing Proportions for Brown Glacial Till to be used 


as Sediment 
Sieve Total Wt. % of Wt. for each 
Retained on Retained Total 50 g sample 
(Std. No.) (g) ( 5) 
16 616.3 6.06 3.0 
30 1406.6 13.84 6.9 
80 6000.3 59.05 29.5 
200 1373.3 iis yey 6.8 


pan 165.1 7.53 3.8 
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3.2 Flume Design and Construction 


The basis for the design of the flume apparatus was the report for 
the Virginia Highway and Transportation Research Council which used a 
similar apparatus and procedure (Wyant,1980). The flume dimensions 
are shown in Figure 3.B. 

The flume box was constructed of 3/4 inch plywood and was 
assembled using 1 inch screws spaced 3 inches apart. The members were 
also glued for additional strength. The box was then lined with plastic 
sheeting in order to prevent leaks and to create channel friction 
characteristics which could be readily reproduced. The plastic sheeting 
was fastened to the outer perimeter of the flume using 1/2 inch tacks 
closely spaced. Wedge-shaped vinyl gasket material was attached to the 
flume box around the inner perimeter of the open end using 1/2 inch 
tacks. The gasket material was installed with the narrow edge facing the 
interior of the flume. 

A rectangular frame was constructed of 1/2 inch by 1/2 inch 
wooden members. The manner in which the frame was attached to the 
flume was the only marked difference between the flume box constructed 
for this investigation and the box prescribed by the Virginia test method. 
The frame was installed such that the top of the frame was flush with the 
bottom of the flume in the Virginia test. In this investigation the frame 
was installed inside the flume as shown in Figure 3.C. This resulted:in the 


frame blocking flow through the lower 1/2 inch of fabric. 
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The frame members were connected by glue and 3/4 inch screws. 
The dimensions of the frame were 1/8 inch smaller than the inside 
dimensions of the open end of the flume to allow for easy installation. 
The bottom and sides of the frame fit snugly against the gasket material 
attached to the inside perimeter of the open end of the flume box. 

A 5-gallon plastic bucket was supported over the flume in order to 
serve as an inflow regulator. Three 1/2 inch holes spaced 1/2 inch apart 
were drilled in the bottom of the bucket in a triangular pattern. The 
influent entered the flume through these holes during the test. This 
ensured that the sediment-laden water was introduced into the flume at a 
similar rate and with similar turbulence for each test. No. 0 rubber 
stoppers were placed in the holes to prevent inflow prior to the 
commencement of each test. This allowed for the filling of the bucket 
with 1/3 of the influent prior to starting the timer. 

A length of plastic gutter was installed below the open end of the 
flume in order to capture the effluent and transport it to a container. The 
gutter was installed such that the edge of the flume overhung the gutter 
by approximately 1 inch. A 20-gallon plastic container was placed below 
the lower end of the gutter to receive the filtered water. 

The closed end of the flume was elevated to create an 8% slope 
from the closed end to the open end. This slope was specified by VIM- 
at 
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3.3 Fabrics Tested 


All of the fabrics provided by manufacturers for testing were of 
woven construction and were recommended for use as silt fences. Table 
3.3. is a tabulation of the fabric properties as provided by the 
manufacturers. None of the properties indicated were independently 
verified in this investigation. 

Obvious differences between the fabrics tested were discernible by 
visual observation. The Mirafi 100X appeared black and shiny. It folded 
stiffly and felt like plastic. The yarn was flat and twisted yarns within the 
weave created pores larger than those in areas where the weave was tight 
and uniform. These larger pores were irregularly spaced. 

The Mirafi 600X appeared very similar to the 100X, but it was 
much stiffer. The weave was tight and uniform, with no twisted yarns or 
uneven pore distributions that could be identified by visual observation. 
A complete testing of the Mirafi 600X fabric was not possible due to the 
small size of the sample provided. | 

The Amoco 1380 Silt Stop fabric was also shiny and plastic-like. It 
was woven using two colors of yarn; black and green. The yarn was flat 
and twisted strands created larger, irregularly distributed pores very 
similar to those observed in the Mirafi 100X. 

The Amoco 2125 fabric was very different from the other fabrics 
tested. It was composed of black and green yarns, with each color 


running in perpendicular directions. The green yarn was flat and plastic- 
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like, similar to the yarns used in the other three fabrics. The black yarn 
was round with many loose fibers, similar to wool yarn. This gave the 
fabric a soft, burlap-like texture. The weave was tight and uniform 
throughout. 

A standard method for obtaining representative fabric samples 
from large lots has been developed by ASTM (ASTM,1988c). The 
procedure is designated ASTM D4354-84, Standard Practice for Sampling 
of Geotextiles for Testing. The fabric samples made available for this 
investigation were not large enough to employ the standard sampling 
method. The largest sample provided was 4 feet wide and 10 feet long, 
while the ASTM sampling method recommends sampling from 600 


square yard lots. 
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TABLE 3.3. Geotextile Physical Properties provided by 


Manufacturers 
Properties 
(units) 
Thick- Weight AOS Filter Permit- 
ness (Std. Efficien. _ tivity 
(mils) (0z/sy) Sieve) (%) (*) 
Test ASTM ASTM COE VA DOH ASTM 
Method D-1777 D-3776- CW02215- VIM-S51 4491-85 
-64 79 a9) 
Fabric 
Mirafi 17 2.5 20-35 75 01! 
100X 40 
Mirafi 30 6.0 30-50 = 014 
600X 50 
Amoco -- ~- 30-50 75 42 
1380 30 
Amoco -- a 20-30 -- 22 
2125 15 


Properties which do not affect the filtration performance of the 
fabrics, such as strength and durability, are not shown. 


-- Indicates that a value for this property was not provided in product 
literature. 


* The units for the first value of each fabric in the permittivity column 
are cm/sec for the Mirafi fabrics and sec”’* for the Amoco fabrics. The 
units of the second value shown for each fabric are gal/min/sf for all 
fabrics. 


1 fF alling Head Test Method 





4. Methodology used in Measuring Performance of Silt Fences in the 


Laboratory 


The procedures described in this section are based on the 
methodology used by the Virginia Highway and Transportation Research 
Council and standard procedures specified in Standard Methods for the 
Examination of Water and Wastewater (Wyant,1980; APHA,1985). It 
was not possible to adhere to each specified procedure exactly as written. 
This discussion includes alternatives employed, although such alternatives 
were minor deviations and would not be expected to affect the final 


results substantially. 


4.1 Flume Operating Procedures 


The filtering efficiency tests were setup and performed using the 
procedures outlined in the following sections. The procedures were 
performed in exactly the same order and in the same manner for each 


test. 


4.1.1 Preparations for Testing 


Each geotextile sample was trimmed to extend beyond the outer 
edges of the wooden frame by approximately two inches. After trimming, 
the fabric was laid flat on a table and the frame placed on top of it. Then 


the top edge of the fabric was folded over twice, creating a triple 
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thickness of fabric one inch wide. This triple thick section was then 
placed against the back side of the frame, which was facing up as the 
frame lay on the table. A one-half inch tack was then used to fasten the 
fabric at the center of the top frame member. The fabric was then pulled 
tight and another tack placed approximately two inches from the first one 
fastening the fabric to the top member of the frame. The next tack was 
placed about two inches on the opposite side of the first tack after pulling 
the fabric tight. The tacks were alternately placed in this fashion, 
tightening the fabric from the center, until the material was securely 
fastened to the top member of the wooden frame. The process was 
repeated for the bottom member of the frame. On the bottom member 
the tacks were placed only one inch apart to facilitate caulking between 
the edge of the fabric and the wooden frame. The corners of the fabric 
were then tightly folded and tacked to the side members of the frame, 
again using a double fold to create a triple thickness along the edge of the 
fabric. The tacks were placed at intervals of two inches on the side 
members. Figure 4.A. is a schematic diagram of the attachment of a 
fabric sample to the frame. 

A waterproof caulk was used to seal the edge of the fabric to the 
bottom member of the wooden frame on the effluent side of the frame. 
This seal was placed to ensure that any sediment which passed through 
the fabric was not trapped between the wood member and the fabric. 

The flume box and fabric frame were constructed such that the 
frame fit snugly into the open end of the flume. Once the fabric was 


attached the frame was lowered into the box and a hammer used to 





View trom Back 





View from Top 


Figure 4.4. Attachment of Fabric to Frame 
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lightly tap the frame into place against the gasket material. A wooden 
wedge was then pounded between the frame and the side of the flume 
box from the inflow side to ensure that the frame would not move during 
testing. 

Waterproof caulk material was also placed between the frame and 
the flume box after the frame was installed. This ensured that all of the 
sediment-laden water passed through the silt fence material. 

A total of 13.2 gallons of water with 150 grams of soil added was 
used for each run of the flume test. These quantities were the same as 
used by the Virginia Highway and Transportation Research Council. 

The water was divided into 3 equal parts contained in separate 5- 
gallon buckets so that it could be lifted and dumped into the inflow 
apparatus. The soil was prepared in 50 gram lots, each lot containing the 
same fraction of material retained on each sieve as shown in Table 3.2. 
One 50 gram lot was added to each bucket. 

Two fabric samples were tested using sediment which differed 
from the aforementioned procedure. The samples of the Mirafi 100X 
geotextile designated D and E were evaluated using only that portion of 


the standard sediment sample which passed the No. 30 sieve. 


4.1.2 Performing the Filtering Efficiency Test 


The inflow was regulated by a 5-gallon bucket with 3 holes drilled 


into the bottom as described in the section concerning flume design. This 


bucket was mounted at the side of the flume such that the holes extended 





36 
1 inch over the inside edge of the flume and the inflow entered the box 12 
inches from the open end. The first bucket of influent was thoroughly 
agitated using a propeller mixer mounted on a drill. The contents of the 
first bucket were quickly dumped into the inflow regulating bucket. The 
stoppers were then removed from the inflow regulator and water began 
flowing into the flume. A stop watch was started as the stoppers were 
removed. Water containing sediment from one of the remaining buckets 
was then used to rinse any sediment remaining in the first bucket into the 
inflow regulator. 

The contents of the second and third buckets were agitated and 
dumped into the inflow regulator in a similar manner. The buckets were 
emptied into the inflow regulator in quick succession, resulting in the 
inflow proceeding at a near uniform rate until the contents of the last 
bucket began to drain out of the inflow regulator. The inflow regulator 
was then rinsed with approximately one pint of filtered outflow. The 
rinse water was dumped into the flume at the same point as the inflow 
from the inflow regulator entered. 

The gutter was rinsed with filtrate from the effluent container 


prior to obtaining a sample from the effluent. 
4.2 Sampling and Analysis of Sediment Residue 
Water samples were obtained from the influent and effluent using 


a 20-inch long clear, flexible plastic tube which was 1/2 inch in diameter. 


A mark was placed on the tube to indicate the 167- milliliter level. The 
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water and sediment in one of the three buckets containing the influent . 
were vigorously agitated using a drill mounted propeller, ensuring that 
the constituents were well mixed. The sampling tube with both ends open 
was rapidly lowered into a bucket to the 167-milliliter mark immediately 
after agitation, then the exposed end of the tube was covered and the 
tube quickly withdrawn. The tube was then drained into a 1 quart jar. 
This process was repeated for each of the 2 remaining buckets which 
contained influent. All 3 samples were placed in the same jar, forming a 
500-milliliter sample of the influent. 

The effluent from the flume drained into a single large container. 
The contents of this container were agitated with the propeller prior to 
removing each of 3 samples with the sampling tube. The 3 167-milliliter 
samples were removed and combined in a 1-quart jar to form a 500- 


milliliter sample of effluent. 


4.2.1 Processing of Samples 


The water samples collected were analyzed as described in 
Standard Methods for the Examination of Water and Wastewater 
(APHA,1985) section 209C, Total Suspended Solids Dried at 103-105 °C, 
except for minor deviations which are included in this description of 
procedures. 

The glass fiber filter disks were prepared by placing the disks one 
at a time in a membrane filter apparatus and washing 3 times with 20 


milliliters of deionized water while applying vacuum. The filtered water 
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was discarded after each washing. The washed filters were then placed in 
aluminum support pans and dried in an oven between 103° and 105° C 
for one hour. After removal from the oven the filters were placed ina 
dessicator with their support pans and allowed to cool. 

The filters with the support pans were removed from the 
dessicator and weighed immediately prior to use. The resulting weight is 
. designated as A in equation 4-1, which was the equation used to 
determine filtering efficiency. One filter was placed in the membrane 
filter apparatus and the vacuum applied. Approximately 10 milliliters of 
clean deionized was then passed through the filter in order to ensure that 
the seal was complete and that none of the sample could bypass the filter 
material. The 500-milliliter sample containing suspended sediment was 
then poured into the membrane filter apparatus, with a vacuum 
maintained until all of the water had passed through the filter. The jar 
which contained the sample was rinsed with approximately 50 milliliters 
of deionized water to ensure that all particles were washed into the filter 
apparatus. The sides of the membrane filter apparatus were also rinsed 
with deionized water to wash any particles of sediment adhered to the 
side of the filter holder onto the filter. 

The filter was then removed from the membrane filter apparatus, 
with due care taken to ensure that no loose material was lost. It was then 
returned to the aluminum support dish and dried in an oven between 
103° and 105° C. The filter and support were transferred to a dessicator 


to cool after drying for one hour. Each filter and support was weighed 
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after approximately 30 minutes in the dessicator. This final weight is 


designated as B in equation 4-1. 


4.2.2 Computation of Filtering Efficiency 


The fabric filtering efficiency expressed as a percent was 


determined using the following equations: 


RESIDUEBFFORE = B- Ay (Eq. 4-1a) 
Where: B = weight of filter disk and support 


Ay= B + weight of residue from influent sample 


RESIDUEArTER = B- AR (Eq. 4-1b) 


Where: Apr= B + weight of residue from filtrate sample 





FE = (RESIDUE RE~RESIDUEaArrER) * 100 
RESIDUEBRFORE 
(Eq. 4-2) 

Where: FE = Filtration Efficiency (percent) 
Equation 4-1 was dictated by Standard Methods for the Examination of 
Water and Wastewater. The equation used to determine the filtration 
efficiency is similar to that used by the Virginia Highway and 
Transportation Research Council (Wyant,1980). The VHTRC used a 
constant of 3000 milligrams in the equation to account for sediment 


present in the water prior to adding the specified soil. The series of tests 
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performed in this investigation used a filtered water source in which the 


initial quantity of sediment was negligible. 


4.3 Flow Rate 


The flow rate was measured at the discharge end of the gutter 
which directed the effluent from the flume to the 20-gallon effluent 
container. The flow was measured periodically until a flow less than 0.25 
gallons per minute was measured, or until the flow had decreased to a 
point at which it was inadequate to fill the measurement container in a 
reasonable time. The latter case only occurred when the flow was well 


below 0.25 gallons per minute. 


4.3.1 Measurement Procedure 


A one-quart jar was held below the outflow from the gutter and a 
stopwatch used to determine the time required for the Jar to fill. This 
process was repeated periodically during the test. A running clock timed 
the entire test. The time at which the flow measurement commenced and 
the time required to fill the jar were recorded. 

The first flow measurement was started three minutes after inflow 
to the flume was initiated for those tests in which the influent contained 
sediment. This delay was necessary to allow the individual performing 
the test to adequately rinse all of the influent containers and to inspect 


the apparatus for leaks. The first flow measurement was started one 
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minute after inflow was initiated for the tests in which no sediment was 
used. In the initial tests the first two flow measurements were recorded 
one minute apart and subsequent measurements were taken at two 
minute intervals. The flow was measured at one minute intervals during 
the last several tests. 


The flow rate was determined using the following equation: 


FR = 15 / time (Eq. 4-3) 
Where: FR = flow rate (gallons per minute) 
time = time required to fill 1-quart container (sec) 
15 = factor to convert 1-qt./sec to gpm 


The flow rate measurements are tabulated in Appendix B. 





5. Analysis of Results 


An examination of the measured concentration of sediment in the 
influent casts suspicion on the accuracy of the plastic tube used to extract 
residue samples. The soil was carefully weighed into equal batches for 
each test, but the range of residues measured in the samples from the 
influent ranged from 0.429 to 1.297 grams. Three separate samples were 
extracted from the influent for the sample of the Amoco 2125 designated 
A. The residues measured in this single batch of influent ranged from 
0.429 to 0.614 grams. It is possible that the tube sampler was lowered too 
fast to capture an integrated sample. Another possibility is that the tube 
was lowered at different rates from one sample to another, resulting in a 
different fraction of the coarse material near the bottom of the bucket 
being captured in each sample. 

The temperature of the influent was measured for several tests. 
Stokes Law (equation 2-3) was used to determine the critical particle size 
for the maximum and minimum temperatures. The assumptions made in 
applying Stokes Law are discussed in section 5.3. The difference in the 
critical particle sizes was approximately three percent due to the 
difference in kinematic viscosity. This indicates that the water 
temperature differences did not significantly affect the filter efficiencies 


measured. 
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5.1 Filter Efficiency 


The results from this investigation are compared to the fabric 
properties most often used to predict filter efficiency in Table 5.1. Note 
that the filter efficiency expressed in the oman column was determined 
from the data as recorded in Appendix A. The normalized filter 
efficiency was determined using an average value for the concentration of 
sediment in the influent. The average concentration was determined by 
averaging the sediment concentration measured in the influent for all of 
the trials that were run with the normal amount of sediment. The 
average sediment concentration in the influent for all of the trials for 


each fabric are tabulated in Appendix C. 


Table 5.1 Fabric Properties and Measured Filter Efficiency 


AOS Filter Normalized 
Fabric VITM-51 (Std., Efficiency Filter Efficiency 
0)— sieve ) (%) (%) 
Mirafi 100X qs 20-35 90.5 89.8 
Mirafi 600X -- 30-50 91.0 92.4 
Amoco 1380 W275 30-50 79.0 81.9 
Amoco 2125 -- 20-30 87.0 87.6 


-- indicates that manufacturer’s data was not available for this 
parameter 


* from manufacturers’ data (see Table 3.3) 
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A comparison of the filter efficiencies determined in this 
investigation with those determined by the fabric manufacturers using the 
VTM-S51 procedures indicates that the results using the latter 
methodology are conservative for the Brown Glacial Till. Two fabrics, 
the Mirafi 100X and the Amoco 1380, had filter efficiencies of 75 percent 
reported by the manufactures using VIM-51. The results of the tests 
using the glacial till yielded a filter efficiency of 90.5 percent for the 
Mirafi 100X and 79.0 percent for the Amoco 1380. Since the soil to be 
used is not rigorously specified by VI'M-51, the observed difference may 
have been due to the respective manufacturers using different soils in the 
procedure. 

Predicting filter performance using the Apparent Opening Size of 
the fabrics is not justified based on the results of these experiments. The 
Amoco 2125 has larger pores than the Amoco 1380, yet it exhibited a 
markedly higher filter efficiency. This discrepancy may be due to several 
factors, including the thicker construction and more loose fibers apparent 
in the 2125. The Mirafi 600X and the Amoco 1380 have the same AOS, 
yet the filter efficiencies for these two fabrics differed by 12 percent. It 
would appear from these comparisons that there are many factors in 
addition to the AOS that determine how effective a geotextile will be in a 


silt fence installation. 
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5.2 Flow Rate 


Appendix B contains the flow rate data gathered during this series 
of experiments. Several samples were tested with water that contained no 
sediment. Three of these samples, two Mirafi 100X and the Mirafi 600X, 
were tested three consecutive times each using clean water prior to 
testing with sediment-laden water. The flow rate through the fabric 
versus time is shown in Figures 5.A, 5.B, and 5.C. 

All of the figures demonstrate that the flow pattern for the first 
run of each experiment differed from the later two runs. The peak of the 
first run was consistently lower than the peaks of the two runs which 
followed. The difference between the first and the latter tests was 
probably due to two factors. The first was the initial wetting of the dry 
fabric in the initial run for each sample. Subsequent trials were 
performed immediately after the first run, so no appreciable drying of the 
fabric occurred between tests. The second factor was the fabric frame 
which protruded one-half inch from the bottom edge of the flow. This 
effectively trapped a small quantity of water in the flume which remained 
during subsequent tests. The quantity of water which could be retained 
by the bottom member of the frame was less than one-half gallon. 

The peak in the flow curve prior to the 3-minute point is also 
characteristic of all three samples. Approximately 90 seconds was 
required for all of the influent to enter the flume, and water entered at a 


higher rate than it was passing out through the fabric during this period of 
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FLOW RATE VS. TIME 
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Figure 5.4. Flow Rate through Mirafi 100% Sampie D 


with no Sediment in Influent 
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inflow. Thus, during the initial 90 seconds the head inside of the flume 
was increasing and this resulted in the flow rate increase. The head and 
flow rate began to decrease after the cessation of the inflow. The peaks 
of the curves are not at or near 90 seconds on the graphs because the flow 
rate measurements were taken at 60 and 120 seconds. 

The first run of clean water through the Mirafi 600X fabric does 
not exhibit the characteristic peak just discussed, as can be seen in Figure 
5.B. The pattern of flow for the initial run indicates that the outflow was 
more rapid than the inflow during the initial two minutes. The reason for 
this behavior is not apparent, especially in view of the second and third 
trials shown on the same figure. Both of the final runs exhibited the 
characteristic peak as expected. 

A comparison of the trials for the Mirafi 100X, shown in Figures 
5.A. and 5.C., shows that the pattern of flow for the two samples is 
similar, but the values of the flow rate are dissimilar. ‘The nonuniformity 
of the pore openings in this fabric caused by twisted strands may provide 
a partial explanation for the difference. It is possible that sample D, to 
which Figure 5.A. corresponds, had more twisted yarns and therefor a 
much higher proportion of large pores than did sample E. The Mirafi 
100X samples D and E were two of the last samples tested, however, and 
the flume apparatus had noticeably deteriorated, making a reliable seal 
between between the flume box and fabric frame difficult to maintain. It 
is likely that an undiscovered leak around the fabric frame resulted in the 
higher flow rate exhibited by sample D. This possibility is even more 


probable due to the filter efficiency results shown in Appendix A. Sample 
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E exhibited a higher filter efficiency than the D sample in each 
corresponding run. The difference appears small, but it could very well 
have resulted from a leak in the apparatus when sample D was tested 
which allowed sediment and water to bypass the fabric. 

The maximum flow rate per unit area for each fabric was 
approximated by dividing the peak flow by the area of flow. The water 
behind the fabric reached a maximum depth of 3 and 1/2 inches, and this 
depth corresponded very closely to the instant of peak flow. The area of 
flow was 31 inches across and 3 inches high due to the fabric frame 
blocking the flow for 1/2 inch around the perimeter. Flow occurred 
through a 0.65 square foot area and the maximum head was 3 inches, or 
about 7.6 centimeters. It should be noted that this is less than the 20 to 
80 centimeter head maintained during the ASTM Falling Head Test 
(ASTM, 1988b). Therefor it was anticipated that the flow rate would be 
lower than that measured using the falling head procedure. 

The actual flow rates measured are compared to those provided by 
the manufacturers in Table 5.2. Flow rates were computed only for tests 
in which no sediment was present because the flow rate determinations 
made by the manufacturers used procedures which did not incorporate 


sediment. 
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Table 5.2. Flow Rates provided by Product Literature compared to 
Flow Rates measured with Flume 


Product Lit. Flume 
Flow Rate Flow Rate 
Fabric Sample Gal/min/s Gal /min/sf 
Mirafi 100X E 40 Dax 
Mirafi 600X A 50 2.9 
Amoco 1380 A 30 5.8 
C HS 
Amoco 2125 Cc 15 4.6 
5.3 Clogging and Blinding 


The effects of clogging and blinding are difficult to separate when 
examining silt fence performance and both terms are used 
interchangeably here. 

The impact of blinding on the performance of silt fence fabrics 
was investigated in two ways. In the first, the flow rate was measured 
using clean water prior to performing the tests using sediment-laden 
water. After the three runs containing sediment were completed an 
additional trial was performed without sediment in the influent as in the 
initial run. The flow rates measured during the two trials without 
sediment were compared to determine if fabric blinding affected the rate 


of flow through the fabric. 
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Figure 5.D. is a graph of the flow rate curves using clean water for 
sample C of the Amoco 1380. Note that the initial flow curve exhibits a 
much higher flow rate in the early stages, and in fact the flume was 
emptied in approximately six minutes. The flow curve for the test 
subsequent to the runs containing sediment has a much lower initial flow 
and the time required to empty the flume is twice that for the initial run. 
This indicates that the flow rate through the fabric was reduced 
substantially. This reduction must be due to the sediment present in the 
second run because the introduction of sediment to the inflow was the 
only difference between the two runs. 

The second investigation into blinding attempted to establish the 
effect of the larger particles on the filter efficiency. The diameter of the 
largest particle expected to remain suspended at the point where the 
fabric plane intercepted the flow was determined using Stokes Law 


(equation 2-3), which is reprinted here: 
Vs = (g/ (18 * kv) * ((S, - 1) * D4) (Eq. 2-3) 


The water temperatures measured during the tests were all very 
near 20° C, so this temperature was used to determine the kinematic 
viscosity (kv) used in Equation 2-3. The known values for the equation 


are. 
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kinematic viscosity (kv) = 0.010087 cm*/ s @ 20° C (ASCE, 1975) 
Acceleration of gravity (g) = 981 cm/ <2 
Specific gravity of solids (S,) = 2.78 (see Table 3.1) 


The only values which remain unknown are the settling viscosity 
(V.) and the particle diameter (D). The time available for particle 
settling was estimated using other available information, and the fall 
distance divided by the time available determined the settling velocity 
used in solving Equation 2-3. Values for the flow area and flow rate were 
needed to compute the time available for particle settling (t). The flow 
rate used was 1.9 gallons per minute as this was a common value 
measured at 180 seconds for runs using the normal sediment sample. It 
was assumed that the particles entered the flume 12 inches behind the 
plane of the fabric in order to simplify the solution. Although the 
particles did in fact enter the flume 12 inches from the fabric, the flow 
condition upon entry was turbulent. The flow distance was reduced to 6 
inches to account for the initial turbulence. The wetted area of the fabric 
sample was physically measured and determined to be 0.646 square feet. 
Flow did not take place through the entire sample, however, as it was 
observed that the top portion of the wetted area did not pass water. The 
area which did not allow flow differed between fabrics and it was not 
possible to measure the area accurately, so the area of flow was 


approximated as 0.6 square feet. All units were converted to SI 





> 

equivalents because the constant in Stokes’ Law applies to SI units. The 
values thus determined were: 

Flow Area = 0.6 ft” = 557 cm” 

Flow Rate = 1.9 gpm = 120 cm?/s 

Flow Distance = 6 in = 15 cm 

Fall Distance = 3 in = 7.62 cm 

Drag on the particle in the horizontal direction and turbulence 

were neglected. The flow velocity in the flume (v) was determined using 


the following equation: 


v = flow rate / flow area (Equation 5-1) 


v = 0.22 cm/s 


The time required for the flow to proceed from the inflow point to 


the fabric was computed using the following equation: 


t = flow distance / v (Equation 5-2) 


t= 68s 


The settling velocity of the largest particle which would be 
expected to settle prior to reaching the fabric was determined by the 


equation below: 
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V. = fall distance / t (Equation 5-3) 
V, = 0.112 cm/s 


Figure 5.E. is a diagram of the particle fall trajectory in the flume under 
the given conditions. 

The only remaining unknown in Stokes Law is the diameter of the 
critical particle (D). Equation 2-3 can be rearranged and solved for D as 


shown below: 


D = SORT ((18*kv* V,) /(g*(S,-1))) 
(Equation 5-4) 
D = 0.0034 cm = 0.0013 in 


The diameter determined in the above analysis corresponds 
roughly to the No. 400 sieve. This result indicates that all particles larger 
than the No. 400 sieve should settle prior to reaching the fabric plane. 
The results of the residue sampling demonstrated that this was not the 
case. A portion of the residue from several trials was large enough to be 
retained on the No. 200 sieve, based on the filter efficiency. It is evident 
that the manner in which the sediment was introduced into the apparatus 
created turbulence which interfered with settling. Turbulence may be 
encountered in a silt fence installation in the field, but probably not to the 


extent that it was present in the flume apparatus. 0 
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Because a large fraction of the soil used as the sediment was 
retained on the No. 80 sieve, it was decided to use the soil passing the No. 
30 to test the effects of the larger particles on fabric performance. Table 
3.2 lists the fractions of the soil retained on the sieves used to prepare the 
sediment samples. 

Deleting the fraction of sediment larger than the No. 30 sieve was 
expected to increase the rate of flow through the fabric if the larger 
fraction did in fact contribute substantially to clogging and blinding. That 
fraction of the sediment was deleted in the test of Mirafi 100X sample E. 
The flow rate versus time for sample E is compared to samples B and C 
of the same fabric in Figure 5.F. The figure demonstrates that the flow 
rate was actually lower for the test in which the larger particles were 
absent. This indicates that the larger particles either settle prior to 
reaching the fabric at the lower end of the flume and do not contribute a 
great deal to blinding, or contribute to the filter efficiency of the fabric 
through some unidentified mechanism. An insufficient number of tests 
were performed to determine whether the flow rates actually differ 
between the tests using all of the sediment (samples B and C) and that 


using only the fraction passing the No. 30 sieve (sample E). 


Summary and Conclusions 


The filter efficiency of two of the fabrics was reported by the 


manufacturer’s using the methodology specified by VWITM-51. Both of 


these fabrics exhibited filter efficiencies 5 to 15 percent higher than 
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reported when tested using the Brown Glacial Till. These results indicate 
that the VI'M-51 procedure results provided by the manufacturers were 
conservative for this soil. 

The two fabrics which were previously tested using VIM-51 were 
both declared to have filter efficiencies of 75 percent. These two fabrics 
had very different filter efficiencies when tested using the Brown Glacial 
Till, differing by over 10 percent. Although the VI'M-51 is conservative, 
the filter efficiency value provided is not necessarily reliable without 
information about the soil used in the procedure. 

The flow rate data indicates that between the first and second runs 
of the experiment for each sample the peak flow rate decreases 
significantly and the flow rate changes very little in subsequent runs. This 
initial decrease is primarily a result of fabric wetting and storage in the 
flume after the initial run. It is recommended that subsequent 
investigations construct the flume such that the exposed edge of the fabric 
is flush with the inner surfaces of the flume and that an initial run be 
performed without sediment to prewet the fabric. 

Performing a trial with clean influent prior to and after the normal 
testing sequence demonstrated that the flow through the fabric was 
impeded by blinding, but with the volume of influent and concentration of 
sediment used in this testing procedure the progressive affects of blinding 
were not appreciable. 

The fabric Apparent Opening Size did not accurately predict the 
filter efficiency of the geotextiles examined in this investigation. Of the 


two fabrics with the smallest pores, one had the highest filter efficiency of 
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all the fabrics tested and the other had the lowest. It is not sufficient to 
specify the AOS of a fabric in order to achieve desired silt fence 
performance. 

The flow rate for each run containing the normal sample of 
sediment was correlated with the filter efficiencies of each of the runs in 
order to determine if the flow rate through a fabric might help to predict 
the filter efficiency. The Pearson product-moment correlation between 
the flow rate and the filter efficiency was computed to be -0.429. This 
result indicates that a lower flow rate tends to produce a higher filter 
efficiency, but the correlation is not strong. A scatterplot of the flow rate 


versus the filter efficiency is provided in Figure 5.G. 


Areas for Further Research 


Due to time and material constraints, this investigation only 
scratched the surface of the research needed to accurately predict the 
filter performance of geotextiles used in silt fence applications. The 
apparatus proposed by the Virginia Highway and Transportation 
Research Council proved itself to be viable apparatus for conducting this 
type of investigation. 

Many additional samples and soils must be tested in order to 
establish which of the parameters governing the passage of sediment and 
water through geotextiles will reliably predict the filter efficiency of the 
sample. This work would be aided by the cooperation of manufacturers 


in reporting geotextile properties in a clear and consistent form. 





= Of 


Moe a 


Figure 9o.G. 


62 





74.75 Bae 2D 87.75 94.25 
78 84.5 91 


FILTER EFFICIENCY 


Mirafi 100X 
Mirafi 600X 
Amoco 1380 
Amoco 2125 


ono TP = = 
[ 


Flow Rate versus Filter Efficiency Scatterplot 


7 Oo 





63 
It was observed during the course of this investigation that few 
contractors presently install silt fences using the recommended 
procedure. In fact, no properly installed silt fences were noted among the 
two dozen observed in the field. Improperly installed silt fences cannot 
function properly, and this may contribute to resistance to approve their 
use. An investigation into contractor installation procedures for silt 


fences in the Puget Sound area would be of interest. 
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Appendix A 


Residue Measurements and Filter Efficiency 


The results are listed by manufacturer and 
manufacturer's designation for the fabric used. Each 


sample is a separate piece of geotextile affixed to the 


fabric frame. The test was performed three times for 
each sample. Each test is designated by a number in the 
"Run™ column. For example, the Mirafi 100X fabric was 


tested using 5 samples, A through E, and each of the five 
samples was tested three times, the tests designated 1 
through 3. 

The residue measurements for each test are listed. 
The first row listed for each run is the residue measured 
from the influent. The second row provides the residue 
measured from the effluent after filtering through the 
fabric. The amount of residue was determined by 
subtracted the weight in the Filter and Support column 
from the weight shown in the Filter, Support, and Residue 
column. The last entry in the second row is the filter 
efficiency of the geotextile for that particular run 
expressed as a percent. 

Averages of the filter efficiency are summarized for 
each fabric sample. Averages for the first, second, and 


third runs for each geotextile are also summarized. For 





69 


example, the Run 1 average provided after the data for 
the Mirafi 100X is the average Filter Efficiency for 
samples A, B, and C from the first run for each. 

The “In-test” and "Out-test”" average values for the 
Amoco 2125 are the average values of the residue found in 
three samples from the influent of Sample A, Run 1, and 
three samples from the effluent of Sample B, Run 3, 
respectively. The additional samples were analyzed and 
recorded in order to check the reliability of the tube 


sampler used to draw samples. 
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Table A.1. 
Mirafi 100X 
Filter & F&S + Filter 
Sample Run Support Residue Residue Efficiency 
(g) (g) (g) (%) 
A 1 1.627 273391 0.764 
1.642 1.68 0.038 95.03 
2 1.63 2.338 0.708 
1.649 1.698 0.049 93.08 
3 1.621 2.438 0.817 
1.663 1.748 0.085 89.60 
B 1 1.645 2.249 0.604 
1.629 1.683 0.054 91.06 
2 1.665 2.262 0.597 
1.606 1.679 0.073 87.77 
3 1.635 2.43 0.795 
1.624 1.718 0.094 88.18 
C 1 1.638 Paci? 0.579 
1.632 1.679 0.047 91.88 
2 1.617 2.216 0.599 
1.604 1.672 0.068 88.65 
3 1.639 2.429 0.79 
1.636 1.723 0.087 88.99 
A ave. 92.57 
B ave. 89.00 
C ave. 89.84 
Run 1 avg. 92.66 
Run 2 ave. 89.68 
Run 3 avg. 88.92 


Overall ave. 90.47 
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Table A.2. 
Mirafi 100X (minus #30 material only) 
Filter & F&S + Filter 
Sample Run Support Residue Residue Efficiency 
(ge) (eg) (g) (%) 
D i 1.611 2.216 0.605 
1.606 1.657 0.051 91.57 
2 1.648 2.228 0.58 
1.628 1.692 0.064 88.97 
3 1.619 2.266 0.647 
1.619 rey el eek 0.092 85.78 
E 1 1.625 2.325 0.7 
1.648 1.692 0.044 93.71 
2 1.648 2.262 0.614 
1.626 1.678 0.052 91.53 
3 1.647 2.231 0.584 
1.656 1.722 0.066 88.70 
D ave. 88.77 
E ave. 91.31 
Run 1 ave. 92.64 
Run 2 ave. 90.25 
Run 3 avg. 87.24 


Overall ave. 90.04 





table A.3. 


Mirafi 600X 


Sample Run 
A d 
2 
3 


Overall avg. 


Filter & 
Support 


— 


p— 


(g) 


.624 
.631 


-611 
.618 


. 66 
.652 


ee 


F&S + 


Residue 


(ge) 


eral 
.677 


bh PO 


.128 
eOt2 


nao 
.699 


Residue 


(g) 


0.547 
0.046 


0.517 
0.054 


Ooo! 
0.047 


Filter 
Efficiency 
(%) 


91.59 


89.56 


92.13 


91.09 
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Table A.4. 
Amoco 1380 
Filter & F&S + Filter 
Sample Run Support Residue Residue Efficiency 
(e) (g) (ge) (%) 
A 1 1.651 MCAT 0.486 
1.644 1.748 0.104 78.60 
2 1.648 2.131 0.483 
1.664 1.767 0.103 78.67 
3 1.624 2.152 0.528 
1.641 1.748 0.107 79.73 
B 1 1.638 2.176 0.538 
1.611 1,734 0.123 77.14 
2 1.635 2.259 0.624 
1.647 1.804 0.157 74.84 
6 1.607 2.192 0.585 
1.636 1.796 0.16 72.65 
Cc 1 1.655 2.247 0.592 
1.629 1.716 0.087 85.30 
2 heaG oc 253 O27521 
1.636 1.738 0.102 80.42 
3 1.64 2.298 0.658 
1.647 1.76 O11 13 82.83 
A ave. 79.00 
B avg. 74.88 
C ave. 82.85 
Run 1 ave. 80.35 
Run 2 ave. 75.39 
Run 3 ave. 78.40 


Overall ave. 78.91 
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Table A.5. 
Amoco 2125 
Filter & F&S + Filter 
Sample Run Support Residue Residue Efficiency 
(ge) (g) (g) (%) 
A 1.1 1.635 2.179 0.544 
1.627 1.677 0.05 90.81 
2 1.649 2.105 0.456 
1.596 1.646 0.05 89.04 
3 1.631 2.923 1.292 
1.631 1.685 0.054 95.82 
B 1 1.639 2.311 0.672 
1.638 1.721 0.083 87.65 
2 1.634 2.931 1.297 
1.637 1.749 0.112 91.36 
3 1.644 2.209 0.565 
Sie ol 641 1.767 0.126 77.70 
C 1 1.628 2.117 0.489 
1.648 1.703 0.055 88.75 
Z 1.618 2.104 0.486 
1.634 ily 20! 0.09 81.48 
3 1.647 2.123 0.476 
1.602 1.703 0.101 78.78 
A (in) 1.2 1.636 2.065 0.429 
1.3 1.6683 ae ae iF | 0.614 
B (out) 3.2 1.638 1.76 0.122 
3.3 1.637 1.772 0.135 
A avg. 91.89 
B avg. 85.57 
C ave. 83.01 
Run 1 avg. 89.07 
Run 2 avg. 86.03 


Run 3 avg. 84.10 
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Overall ave. 86.82 


In-test ave. 0.529 
Out-test avg. 0.128 





Appendix B 


Flow Rate Measurements 


The time required to fill the 1l-quart container is 
shown in the first column for each run through the flume. 
Flow rate measurements were not recorded for Sample A of 
the Mirafi 100X fabric. The second column is the 
"instantaneous" time. It was determined by dividing the 
time required to capture 1 quart of flow by 2, then 
adding the result to time at which the flow measurement 
started. The instantaneous time is used because the flow 
rate often varied substantially during the time required 
for 1 quart to be measured. The resulting flow rate is 
actually the average of the rate occurring during the 
measurement period, therefore it is applied at the median 
time during the period in the Flow Rate graphs shown in 
section 4. 

The Mirafi samples designated D and E were tested in 
the flume apparatus using water which contained no 
sediment. Each sample was tested three consecutive times 
using clear water. The sample of the Mirafi 600X fabric 
was also tested in this manner prior to introducing 


sediment into the testing procedure. The results for the 
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three clear water tests are shown in Tables B.4., B.5., 
and B.8. 

Three samples of the Amoco fabrics were tested once 
with clear water prior to the usual three runs with 
sediment-laden water. Each of these fabric samples was 
again tested once using clear water after the three runs 
using sediment~-~laden water were completed. The samples 
tested were the A and C for the Amoco 1380 geotextile and 
the sample designated C for the Amoco 2125. Results for 
these clear water tests are shown in Tables B.9., B.12., 
and B.16. The columns designated Start are the results 
of the first test prior to introducing influent 
containing sediment. The Finish columns contain the 
results of the test performed with clear water after the 


three tests with sediment-laden influent were completed. 





Table B.1. 


Mirafi 100X 


Start 

time Time 
1 Qt 

60 

120 

180 14 

240 15 

300 

360 20 

420 

480 24 

540 

600 29 

660 

720 38 

840 51 


960 69 


Bl 
Inst 
Time 


187 
247 


370 
492 
614 
739 


865 
994 


Flow 
Rate 


oo °° 


.O71 
.000 


.750 
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.517 
.395 


.294 
neat 
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Time 


1 Qt 
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Flow 
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. 385 
. 268 
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15 
20 
29 


4l 
60 


B3 
Inst 
Time 


184 
245 


367 


490 


614 


740 
870 


Flow 
Rate 


1.875 
1.500 


1.000 


0.750 


Oro 17 


0.366 
0.250 
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Table B.2. 
Mirafi 100X 
Start Cl 


time Time Inst Flow Time Inst 
1 Qt Time Rate 1 Qt Time 


60 

120 

180 13 186 1.154 15 187 
240 14 247 1.071 16 248 
300 

360 18 369 0.833 19 369 
420 

480 21 490 0.714 23 491 
940 

600 26 613 0.577 28 614 
660 

720 32 736 0.469 35 737 
840 41 860 0.366 43 861 
960 92 986 0.288 54 987 
1080 67 1113 0.224 68 1114 
1200 


1320 


© 


ooo © 


C2 
Flow 
Rate 


.000 
. 938 


.789 
.652 
.536 
.429 
. 349 


.278 
-221 


Time 
1 Qt 
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im) 


24 
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Time 


187 
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369 
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1102 
2c 
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Flow 
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oooo0o°o 


Or 
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Table B.3. 


Mirafi 100X 


Start D1 
time Time Inst 
1 Qt Time 
60 
120 
180 10 185 
240 11 245 
300 12 306 
360 14 367 
420 17 428 
480 20 490 
540 Ze 551 
600 27 @613 
660 35 677 
720 42 741 
780 59 809 
Table B.4. 
Mirafi 100X 
Start D1 
time Time Inst 
1 Qt Time 
60 8 64 
120 ~)123 
180 8 184 
240 9 244 
300 11 305 
360 14 367 
420 17 428 
480 21 490 
540 30 555 
600 43 621 
660 67 693 


Flow 
Rate 


COoooeoeoecrF FP eS - 


.500 
. 364 
.250 
pO d 
.882 
.750 
.682 
.556 
.429 
.357 
.254 


Flow 
Rate 


Oooo o KH HS | 1 = 


.875 
.143 
.875 
»667 
. 364 
-O71 
.882 
.714 
.500 
. 349 
.224 
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Time 
1 Qt 


D2 
Inst Flow 
Time Rate 
184 1.667 
245 1.500 
306 1.250 
367 1.071 
428 0.882 
489 0.789 
Sol 0.652 
614 0.517 
679 0.385 
748 0.263 


Time 
1 Qt 


D3 


Inst Flow 
Time Rate 


184 
245 
306 
367 
428 
490 
953 
616 
683 


SEDIMENT--FIRST RUN) 


D2 

Inst Flow 
Time Rate 
63 2.143 
123 2.500 
183 2.143 
244 1.667 
305 1.364 
367 1.071 
429 0.833 
492 0.625 
557 0.429 
627 0.273 
748 0.085 


D3 


Oooo OoOrFF & 


1.667 
.900 
.250 
.071 
.882 
.714 
.577 
-455 
. 326 


Time Inst Flow 
1 Qt Time Rate 


63 
123 
183 
244 
306 
367 
429 
493 
960 
636 


oOooor KF KN P 


2.143 
. 500 
.143 
.667 
. 250 
.000 
tad 
.956 
.375 
.208 





Table B.5. 


Mirafi 100X 


Start El 
time Time Inst 
1 Qt Time 
60 17 68 
120 11 125 
180 13 186 
240 14 247 
300 15 307 
360 17 368 
420 18 429 
480 21 490 
540 23 551 
600 26 613 
660 29 674 
720 335) 736 
780 39 799 
840 47 863 
900 54 927 


960 62 991 


Oooeoooeoeoeoeoeoor KF kK & © 
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SEDIMENT--FIRST RUN) 


E2 E3 
Inst Flow Time Inst Flow 
Time Rate 1 Qt Time Rate 


66 1.154 13 66 1.154 
125 1.500 10 125 1.500 
185 1.364 11 185 1.364 
246 1.154 13 246 1.154 
307 1.071 14 307 1.071 
368 0.938 16 368 0.938 
429 0.833 18 429 0.833 
490 0.714 21 490 0.714 
551 0.652 24 552 0.625 
613 0.556 27 613 0.556 
675 0.500 30 675 0.500 
737 0.429 35 737 0.429 
801 0.357 43 801 0.349 
865 0.294 53 866 0.283 
930 0.246 63 931 0.238 
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Table B.6. 


Mirafi 100X 


Start 
time Time 
1 Qt 
60 
120 
180 19 
240 20 
300 21 
360 22 
420 24 
480 26 
540 27 
600 29 
660 ot 
720 34 
780 36 
840 38 
900 41 
960 44 
1020 47 
1080 52 
1140 57 
1200 64 


El 
Inst 
Time 


189 
250 
310 
371 
432 
493 
953 
614 
675 
737 
798 
859 
920 
982 
1043 
1106 
1168 
1232 


Flow 
Rate 


oooooooocoocoqoq0oo°co°o 


. 789 
. 750 
.714 
.682 
.625 
Sound 
. 556 
.517 
-484 
.441 
.417 
.395 
. 366 
.341 
.319 
.288 
. 263 
.234 
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Time 
1 Qt 


E2 


Inst 
Time 


192 
252 
313 
374 
435 
496 
956 
617 
678 
740 
801 
862 
923 
984 
1045 
1107 
1168 
1230 


ooooooc‘coeoeooooqooooocjoo 


Flow 
Rate 


.625 
.600 
.556 
.536 
. 500 
-469 
-455 
-429 
-405 
.375 
. 349 
. 333 
FOL 
. 306 
.294 
.278 
.263 
.250 


Time 


1 Qt 


E3 
Inst Flow 
Time Rate 
191 0.652 
252 0.600 
313° 50.577 
374 0.536 
435 0.500 
495 0.484 
556 0.455 
617 0.429 
678 0.405 
739 0.385 
801 0.349 
862 0.333 
924 0.313 
985 0.294 
1047 0.273 
1108 0.263 
1169 0.254 
1231 0.242 
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Table B.7. 
Mirafi 600X 
Start Al A2 A3 


time Time Inst Flow Time Inst Flow Time Inst Flow 
1 Qt Time Rate 1 Qt Time Rate 1 Qt Time Rate 


60 
120 
180 32 196 0.469 19 189 0.789 14 187 1.071 
240 37 258 0.405 25 252 0.600 21 250 0.714 
300 42 321 0.357 31 315 0.484 26 313702577 
360 46 383 0.326 39 379 0.385 30 375 0.500 
420 50 445 0.300 42.441 0.357 34 437 0.441 
480 53 506 0.283 48 504 0.313 38 499 0.395 
540 57 568 0.263 55 567 0.273 43 561 0.349 
600 61 630 0.246 61 630 0.246 48 624 0.313 
660 52 686 0.288 
720 57 748 0.263 
780 62 811 0.242 
Table B.8. 
Mirafi 600X (NO SEDIMENT--FIRST RUN) 
Start Al A2 A3 
time Time Inst Flow Time Inst Flow Time Inst Flow 
1 Qt Time Rate 1 Qt Time Rate 1 Qt Time Rate 
60 8 64 1.875 10 65 1.500 11 65 1.364 
120 9 124 1.667 8 124 1.875 9 124 1.667 
180 13 186 1.154 12 186 1.250 12 186 1.250 
240 18 249 0.833 15 247 1.000 14 247 1.071 
300 23 311 0.652 18 309 0.833 17 308 0.882 
360 Cie ata | 0.556 21) §370>°0. 714 20 370 0.750 
420 32 436 0.469 20 24337 90.577 24 432 0.625 
480 38 499 0.395 30 495 0.500 28 494 0.536 
540 44 562 0.341 34° 3557 7 0.441 33 556 0.455 
600 49 624 0.306 39 619 90.385 39 619 0.385 
660 56 688 0.268 45 682 0.333 45 682 0.333 
720 61 750 0.246 51 745 0.294 5405745 0.294 
780 57 808 0.263 59 809 0.254 
840 67 873 0.224 67 873 0.224 





Table 


Amoco 


Start 
time 


60 

120 
180 
240 
300 
360 
420 
480 
940 


Table 


Amoco 


Start 
time 


60 

E20 
180 
240 
300 
360 
420 
480 


Bags 
1380 
A START 


Time Inst Flow 
1 Qt Time Rate 


4 122 3.750 
25 192 0.600 
163 321 0.092 


B.10. 
1380 
Al 


Time Inst Flow 
1 Qt Time Rate 


9 184 1.667 


43 381 0.349 


100 530 0.150 
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NO SEDIMENT 


A 
Time 


1 Qt 


Time 
1 Qt 


33 


77 


FINISH 
Inst Flow 
Time Rate 
122 3.000 
183 2.143 
245 1.500 
307 1.071 
369 0.789 
434 0.517 
503 0.326 
577 0.200 
A2 

Inst Flow 
Time Rate 
184 1.875 
246 1.154 
376 0.455 
516 0.195 


A3 


Time Inst Flow 
1 Qt Time Rate 


33 


67 


184 1.875 
247 1.071 


376 0.455 


513 0.224 





Table B.11. 

Amoco 1380 

Start Bl 

time Time Inst Flow 


60 

120 
180 
240 
300 
360 
420 
480 


Table 


Amoco 


Start 
time 


60 

120 
180 
240 
300 
360 
420 
480 
940 
600 
660 


1 Qt Time Rate 


10 185 1.500 
23 251 0.652 


inf 


B12. 
1380 
C START 


Time Inst Flow 
1 Qt Time Rate 


2 61 7.500 
4 122 3.750 
20 190 0.750 
95 267 0.273 
79 339 0.190 


85 


B2 
Time Inst Flow 
1 Qt Time Rate 


10 185 1.500 
19 249 0.789 
32 316 0.469 
47 383 0.319 


NO SEDIMENT 


C FINISH 
Time Inst Flow 
1 Qt Time Rate 


6 73 2.500 
6 123 2.500 
8 184 1.875 
11 245 1.364 
15 307 1.000 
19 369 0.789 
24 432 0.625 
30 495 0.500 
38 559 0.395 
90 625 0.300 
62 691 0.242 


Time 


1 Qt 


B3 
Inst Flow 
Time Rate 
185 1.500 
248 0.938 
312 0.600 
372 0.600 
437 0.429 





Table B.13. 

Amoco 1380 

Start 

time Time 
1 Qt 

60 

120 

180 10 

240 18 

300 

360 47 

420 70 

480 

540 

600 

660 

Table B.14. 

Amoco 2125 

Start 

time Time 
1 Qt 

60 

120 

180 20 

240 22 

300 

360 27 

420 

480 33 

540 

600 40 

660 

720 43 

840 53 

960 67 

1080 

1200 

1320 


1440 


Ci 
Inst 
Time 


185 
249 


383 
455 


Al 
Inst 
Time 


190 
251 


373 
496 
620 
741 


866 
993 


Flow 
Rate 


1.500 
0.833 


0.319 
0.214 


Flow 
Rate 


0.750 
0.682 


0.556 
0.455 
0.375 
.349 


. 283 
.224 


ooo 
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Time 
1 Qt 


Time 
1 Qt 


10 
12 


19 
24 
35 
47 


61 


C2 
Inst 
Time 


185 
248 
311 
374 
437 
495 
560 
627 
696 


A2 
Inst 
Time 


185 
246 


369 
492 
617 
743 


868 
990 


Flow 
Rate 


.500 
. 938 
.682 
Ose 
.429 
. 500 
. 366 
.273 
.205 


oOooo°coo°o°or 


Flow 
Rate 


1.500 
1.250 


0.789 
0.625 
0.429 
0.319 


0.268 
0.246 


Time 
1 Qt 


Time 


C3 


Inst Flow 
Time Rate 


185 1.364 
248 0.882 
311 0.682 
371 0.652 
434 0.536 
497 0.429 
561 0.357 
625 0.300 
690 0.250 
A3 

Inst Flow 


1 Qt Time Rate 


13 
12 


16 


20 


186 
246 


368 


490 


612 


734 
854 
977 
1101 
1224 
1347 
1470 


oooo0o°”$KHe 


-154 
.250 


.938 


.750 


.625 


uly 
OL? 
.429 
.357 
. 306 
.278 
. 246 


, 











~<@ 
7° oe 





Table B.15. 

Amoco 2125 

Start Bl 

time Time Inst 
1 Qt Time 

60 

120 

180 8 184 

240 12 246 

300 

360 20 370 

420 

480 25 492 

540 

600 45 622 

660 

720 78 759 

Table B.16. 

Amoco 2125 

Start C START 

time Time Inst 
1 Qt Time 

60 

120 Serle 2 

180 6 183 

240 10 245 

300 

360 Ct ests 

420 

480 143 551 

540 

600 

660 


720 


Flow 
Rate 


.875 
.250 


.750 


.600 


.333 


fy les 


Flow 
Rate 


Rm NO © 


.000 
. 500 
. 500 
.556 


-105 


87 


Time 
1 Qt 


18 
24 
43 


90 


B2 
Inst Flow 
Time Rate 
183 2.500 
245 1.500 
369 0.833 
492 0.625 
621 0.349 
765 0.167 


NO SEDIMENT 


C 
Time 
1 Qt 


18 
30 
49 


78 


FINISH 
Inst Flow 
Time Rate 
124 1.875 
1G. y See et 
245 1.500 
369 0.833 
495 0.500 
624 0.306 
759 0.192 


Time 
1 Qt 


1 
25 
43 


124 


B3 
Inst Flow 
Time Rate 


183 2.500 
244 1.667 
368 0.882 
492 0.600 
621 0.349 


782 0.121 





Table B.17. 

Amoco 2125 

Start 

time Time 
1 Qt 

60 

120 

180 10 

240 18 

300 

360 A7 

420 

480 70 

540 

600 


660 


Oo | 
Inst 
Time 


185 
249 


383 


915 


Flow 
Rate 


1.500 
0.833 


0.319 


0.214 


88 


Time 
1 Qt 


C2 

Inst Flow 
Time Rate 
185 1.500 
248 0.938 
311 0.682 
374 0.517 
437 0.429 
495 0.500 
560 0.366 
627 0.273 
696 0.205 


C3 


Time Inst Flow 
1 Qt Time Rate 


185 
248 
311 
371 
434 
A977 
561 
625 
690 


OoOooooooor 


. 364 
.882 
. 682 
.652 
.536 
-429 
.357 
. 300 
.250 





Appendix C 


The amount of residue from each 500-ml sample of the 
influent was measured and the average for all of the runs 
for each type of fabric determined. The average for all 


runs which contained sediment was also determined. 


Table C.1. 


Average Sediment Concentration in Influent 


Mirafi 100X 0.695 
Mirafi 600X 0.554 
Amoco 1380 0.707 
Amoco 2125 0.557 


The temperature of the water used for these 
experiments was measured on several different days. Note 
that one fabric sample was tested each day, so that on 
some days more than one temperature reading was recorded. 
For example, three iterations of the test were performed 
using sample B of the Amoco 2125 fabric on a single day. 
The temperature of the water used for each of the three 
runs was recorded. The temperature listed for run 1 of 


sample B for the Amoco 2125 corresponds to the first 
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batch of 13.2 gallons withdrawn from the water supply on 
the day sample B was tested; the temperature for run 2 
was recorded for the next batch of water which was 
withdrawn approximately 1 hour later, etc. Note that the 
maximum temperature recorded is 21.8 °C and the minimum 


Seo. 0 °C, 


Table C.2. 


Influent Water Temperatures 


Fabric Sample Run Temperature (°C) 
Amoco 

1380 C 1 21.1 
2125 A 2 19.0 
3 19.1 
B 1 21.8 
2 19.5 
3 19.8 
C 1 20.2 
2 19.4 
3 19.7 
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